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A 2`M2/ Kv #+?2HQ`Ƕb M/ Kbi2`Ƕb /2;`22 BM 2M;BM22`BM; 7`QK lMBp2`bBiv Q7
SmM2- AM/B- M/ lMBp2`bBiv Q7 "`/7Q`/- lMBi2/ EBM;/QK `2bT2+iBp2HvX AM
//BiBQM iQ b2MbQ` M2irQ`Fb- A ?p2  F22M BMi2`2bi BM BMi2`M2i Q7 i?BM;b- M/
;`22M +QKKmMB+iBQMbX
BBB
Bp
#bi`+i
qB`2H2bb b2MbQ` M2irQ`Fb `2 2tT2+i2/ iQ T`QpB/2 `B+? BM7Q`KiBQM 7`QK 7mim`2
TTHB+iBQMb i?i M2+2bbBii2 /2THQvK2Mi +`Qbb  H`;2 `2- TQbbB#Hv Qp2` 
?`b? Q` BM?#Bi#H2 i2``BMX liBHBxBM; KQ#BH2 MQ/2b 7Q` bm+? /2THQvK2Mib Bb
?B;?Hv /2bB`#H2X >Qr2p2`- i?2B` mb#BHBiv Bb /Qm#i2/ b i?2v `2 +QbiHB2` +QK@
T`2/ rBi? biiB+ MQ/2b- M/ i?2B` KQp2K2Mi@+imiBQM +QMbmK2b  bB;MB}+Mi
KQmMi Q7 2M2`;vX JQ#BH2 MQ/2b ?p2 Qi?2` QT2`iBQMH +QMbi`BMib BM i?2 7Q`K
Q7 M22/ 7Q` MpB;iBQM bbBbiM+2 i?`Qm;? HQ+HBxiBQM b2`pB+2b- M/ 7pQ`#H2
/2THQvK2Mi +QM/BiBQMbX AM //BiBQM-  KQ#BH2 MQ/2 //`2bbBM;  +2`iBM M2i@
rQ`F ii`B#mi2 +QmH/ M2;iBp2Hv BKT+i MQi?2` M2irQ`F ii`B#mi2X h?Bb i?2bBb
2tKBM2b i?2 TQbbB#H2 K2+?MBbKb 7Q` 2z2+iBp2 miBHBxiBQM Q7 KQ#BH2 MQ/2b QT@
2`iBM; rBi?BM i?2 7Q`2bB/ QT2`iBQMH +QMbi`BMibX
lbBM; ;2QK2i`B+ KQ/2Hb #b2/ i2+?MQ@2+QMQKB+ 2pHmiBQM Bi rb +QM+Hm/2/
i?i KQ#BH2 MQ/2b `2 +Qbi 2z2+iBp2 7Q` mb2 BM b2MbQ` M2irQ`FbX Ai Bb TQbbB#H2
iQ `2HQ+i2 KQ#BH2 MQ/2b rBi?Qmi mb2 Q7 HQ+HBxiBQM b2`pB+2b- M/ +QHH2+iBp2Hv
//`2bb irQ M2irQ`F ii`B#mi2b @ +Qp2`;2 M/ +Hmbi2`BM;X  ?v#`B/ M2irQ`F
+QKT`BbBM; QMHv T`iBH KQ#BH2 MQ/2b Bb bm{+B2Mi iQ 7mH}HH +Qp2`;2 `2[mB`2@
K2Mib 7Q` i?2 M2irQ`F- /2/m+2/ #v /2i2`KBMBM; i?2 KmHiB@T`K2i2` `2HiBQMb
i?i ;Qp2`M MQ/2 KQ#BHBivX M QT2`iBQMH K2+?MBbK i?i bmTTQ`ib b2MbQ`
M2irQ`Fb iQ QT2`i2 QM mM/mHiBM;@?`b? i2``BM ?b #22M Tmi 7Q`r`/- `2Hv@
BM; QM /i +QHH2+iBQM #v ~vBM; b2MbQ`b M/ #vTbbBM; i?2 M22/ 7Q` KmHiB@?QT
+QKKmMB+iBQM #2ir22M +Hmbi2`b M/ i?2 #b2 biiBQMX Ai rb HbQ 7QmM/ i?i
b22KBM;Hv MQM@`2Hi2/ TTHB+iBQMb Q7 b2MbQ` M2irQ`Fb +M #2 //`2bb2/ +QHH2+@
iBp2Hv- miBHBxBM; TbbBp2 MQ/2 KQ#BHBivX S`QpBM; i?2 BKK2Mb2 miBHBiv M/ TQbbB#H2
TTHB+iBQMb `2HvBM; QM MQM@+iBp2 +imiBQM K2+?MBbKb- BM //BiBQM iQ +iBp2
MQ/2 KQ#BHBivX
h?2 i?2bBb 2z2+iBp2Hv +QM+Hm/2b i?i KQ#BH2 MQ/2b ?p2 BKK2Mb2 miBHBiv BM
b2MbQ` M2irQ`Fb BM bTBi2 Q7 i?2 QT2`iBQMH +QMbi`BMibX
p
pB
.MbF _2bmKû
h`´/HǠb2 b2MbQ`M2ip¤`F 7Q`p2Mi2b i #`BM;2 p¤`/B7mH/ BM7Q`KiBQM 7` 7`2K@
iB/B;2 TTHBFiBQM2`- /2` F`¤p2` BKTH2K2Mi2`BM; Qp2` 2i biQ`i QK`´/2- 2p2Mim2Hi
B #`bF 2HH2` m#2#Q2HB; i2``¤MX "`m; 7 KQ#BH2 b2MbQ`2` iBH b´/MM2 BKTH2@
K2Mi2`BM;2` FM ?p2 KM;2 7Q`/2H2X .Q; 2` /2`2b Mp2M/2HB;?2/ BFF2 #2pBbi-
/ /2 2` /v`2`2 bKK2MHB;M2i K2/ BFF2@KQ#BH2 b2MbQ`2`- Q; /2`2b 2pM2 iBH i
#2p¤;2 bB; F`¤p2` 2M #2iv/2HB; K¤M;/2 2M2`;BX JQ#BH2 b2MbQ`2` ?` M/`2
QT2`iBQM2HH2 #2;`¤MbMBM;2` B 7Q`K 7 #2?Qp 7Q` MpB;iBQMb#BbiM/ ;2MM2K
HQFHBb2`BM;- Q; ;mMbiB;2 BKTH2K2Mi2`BM;b#2iBM;2Hb2`X .2`m/Qp2` FM 2M KQ#BH
b2MbQ` p2/ i /`2bb2`2 2M T`K2i2` B M2ip¤`F2i ?p2 M2;iBp BM/~v/2Hb2 T´ 2i
M/2i T`K2i2`X .2MM2 7?M/HBM; mM/2`bǠ;2` KmHB;2 K2FMBbK2` iBH 2z2FiBp
m/Mvii2Hb2 7 KQ#BH2 b2MbQ`2` BM/2M7Q` /2 Qp2MM¤pMi2 QT2`iBQM2HH2 #2;`¤M@
bMBM;2`X
o2/ ?D¤HT 7 i2FMBbF@ǠFQMQKBbF 2pHm2`BM; #b2`2i T´ ;2QK2i`BbF2 KQ/2HH2`
2` /2i #H2p FQMFHm/2`2i- i KQ#BH2 b2MbQ`2` 2` QKFQbiMBM;b2z2FiBp2 iBH #`m; B
b2MbQ`M2ip¤`FX .2i 2` KmHB;i i ~vii2 KQ#BH2 b2MbQ`2` m/2M #`m; 7 HQFHBb2`BM;-
Q; FQHH2FiBpi /`2bb2`2 iQ M2ip¤`F T`K2i`2 @ /¤FMBM; Q; FHvM;2/MM2Hb2X
1i ?v#`B/@M2ip¤`F FmM /2HpBbi #2bi´2M/2 7 KQ#BH2 b2MbQ`2` 2` iBHbi`¤FF2HB;i
iBH i QT7vH/2 /¤FMBM;bF`p2p2M2 7Q` M2ip¤`F2i- m/H2/i p2/ i #2bi2KK2 /2
7Q`bF2HHB;2 T`K2i2` `2HiBQM2`- /2` biv`2` b2MbQ` KQ#BHBi2iX 1M QT2`iBQM2H
K2FMBbK2- /2` mM/2`biǠii2` i b2MbQ` M2ip¤`F FM QT2`2`2 T´ FmT2`2i Q; #`bF
i2``¤M 2` #H2p2i 7`2Kbi T´ #;;`mM/ 7 /iBM/bKHBM; p2/ ?D¤HT 7 ~vp2M/2
b2MbQ`2` Q; m/2M #2?Qp 7Q` FQKKmMBFiBQM ;2MM2K ~2`2 ?QT K2HH2K FHvM;2`
Q; #b2biiBQM2MX .2i #H2p Q;b´ FQMbii2`2i- i iBHbvM2H/2M/2 BFF2@`2Hi2`2/2
Mp2M/2Hb2` 7 b2MbQ`M2ip¤`F FM /`2bb2`2b FQHH2FiBpi p2/ i m/Mvii2 TbbBp
b2MbQ` KQ#BHBi2iX .2ii2 #2pBb2` /2 2MQ`K2 7Q`/2H2 Q; KmHB;2 TTHBFiBQM2` /2`
7?¤M;2` 7 BFF2@FiBp2 FiBp2`BM;bK2FMBbK2`- 7Q`m/2M FiBp b2MbQ` KQ#BHBi2iX
7?M/HBM;2M FQMFHm/2`2`- i KQ#BH2 b2MbQ`2` ?` biQ` Mp2M/2HB;?2/ B b2M@
bQ`M2ip¤`F T´ i`Q/b 7 /2 QT2`iBQM2HH2 #2;`¤MbMBM;2`X
pBB
pBBB
+FMQrH2/;2K2Mib
A K ;`i27mH iQ S`Q7X _KD22 S`b/ 7Q` T`QpB/BM; pHm#H2 ;mB/M+2- 2M+Qm`@
;2K2Mi M/ bmTTQ`i i?`Qm;?Qmi Kv /Q+iQ`H `2b2`+?X
A K BM/2#i2/ iQ Kv bmT2`pBbQ`- .`X L22HB _X S`b/ 7Q` ;mB/BM; K2 i?`Qm;?
i?Bb rQ`F M/ F22TBM; 7Bi? BM K2X qBi?Qmi ?2` ;mB/M+2- KQiBpiBQM M/ bmT@
TQ`i A rQmH/ MQi ?p2 +QKTH2i2/ Kv S?.X
Jv +Q@bmT2`pBbQ`- .`X _bKmb >X LB2Hb2M- T`QpB/2/ p2`v mb27mH BMTmib i?i
?p2 H2/ iQ bm++2bb7mH +QKTH2iBQM Q7 Kv S?.- A K i?MF7mH iQ ?BK 7Q` ?Bb
BKK2Mb2 bmTTQ`iX
Jv +QHH2;m2b i *hA6 T`QpB/2/ i?2B` bmTTQ`i- M/ QTTQ`imMBiB2b iQ ?QH/ T`Q@
/m+iBp2 /2HB#2`iBQMb M/ BMi2`+iBQMb i?`Qm;?Qmi i?2 bim/v T2`BQ/X h?Bb BK@
K2Mb2Hv ?2HT2/ K2 BM 2M?M+BM; i?2 Qp2`HH [mHBiv Q7 Kv `2b2`+? M/ i?2bBbX
A rQmH/ HbQ HBF2 iQ i?MF JbX ambMM2 LǠ``2pM; M/ JbX AM; >m;2 7Q`
i?2B` ?2HT /m`BM; Kv biv i H#Q`; lMBp2`bBivX
h?2 `2H /`BpBM; 7Q`+2 7Q` K2 iQ ++QKTHBb? i?2 S?. r2`2 Kv T`2Mib- A K
;`i27mH iQ i?2K 7Q` THvBM; i?Bb F2v `QH2X A K HbQ ;`i27mH iQ Kv Qi?2` 7KBHv
K2K#2`b 7Q` i?2B` 2M+Qm`;2K2Mi M/ bmTTQ`iX
Bt
t
h#H2 Q7 *QMi2Mib
GBbi Q7 6B;m`2b tp
GBbi Q7 h#H2b tBt
GBbi Q7 +`QMvKb ttB
R AMi`Q/m+iBQM R
RXR 6mM/K2MiHb Q7 qaLb X X X X X X X X X X X X X X X X X X X X X X R
RXk .2THQvK2Mi Q7 qaLb X X X X X X X X X X X X X X X X X X X X X X X k
RXj ai`m+im`H P`;MBxiBQM Q7 qaLb X X X X X X X X X X X X X X X X X j
RXjXR hvT2b Q7 qaLb "b2/ QM LQ/2 JQ#BHBiv X X X X X X X X X 9
RXjXk 1M2`;v, _2bQm`+2 M/ *QMbmKTiBQM X X X X X X X X X X X 8
LpB;iBQM M/ Si? SHMMBM; X X X X X X X X X X X X X X e
RXjXj JQ#BHBiv J2+?MBbKb X X X X X X X X X X X X X X X X X X X d
RX9 S`Q#H2K .2}MBiBQM X X X X X X X X X X X X X X X X X X X X X X X X X N
RX9XR >vTQi?2bBb X X X X X X X X X X X X X X X X X X X X X X X X X N
RX9Xk _2b2`+? Zm2biBQMb X X X X X X X X X X X X X X X X X X X X X N
RX9Xj _2b2`+? J2i?Q/QHQ;v X X X X X X X X X X X X X X X X X X X Ry
RX8 P`B;BMH *QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X X X Ry
RX8XR Sm#HB+iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X RR
RXe h?2bBb PmiHBM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk
RXd _272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj
k h2+?MQ@1+QMQKB+ 1pHmiBQM Q7 JQ#BH2 LQ/2 liBHBiv RN
kXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN
kXk _2Hi2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN
kXj :2QK2i`B+ JQ/2H iQ _2T`2b2Mi L2irQ`F 6mM+iBQMHBiv X X X X X kk
kX9 "2M2}i Q7 lbBM; JQ#BH2 LQ/2b X X X X X X X X X X X X X X X X X X kk
kX8 PT2`iBQMH 1tT2M/Bim`2 Q7 ++QKTHBb?BM; 6mM+iBQMHBiv @ .Bb@
iM+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k3
kXe PT2`iBQMH 1tT2M/Bim`2 Q7 ++QKTHBb?BM; 6mM+iBQMHBiv @ *QK@
KmMB+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kN
tB
kXd 1M2`;v *T+Biv Q7 JQ#BH2 LQ/2b @ PT2`iBQMH 1tT2M/Bim`2 X jy
kX3 _2bmHib M/ .Bb+mbbBQMb X X X X X X X X X X X X X X X X X X X X X X jy
kXN *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jj
kXRy _272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jj
j JmHiB@S`K2i2` *Q``2HiBQM :Qp2`MBM; *Qp2`;2 AKT`Qp2@
K2Mi lbBM; LQ/2 JQ#BHBiv j8
jXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8
jXk _2Hi2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X je
jXj >mM;`BM J2i?Q/ X X X X X X X X X X X X X X X X X X X X X X X X X 9y
jX9 _2bmHib M/ .Bb+mbbBQMb X X X X X X X X X X X X X X X X X X X X X X 9k
jX8 *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y
jXe _272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y
9 *Qp2`;2 AKT`Qp2K2Mib mbBM; LQ/2 JQ#BHBiv BM *Hmbi2`2/ L2i@
rQ`Fb 8j
9XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8j
9Xk _2Hi2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X 89
9Xj L2irQ`F M/ LQ/2 JQ#BHBiv JQ/2H X X X X X X X X X X X X X X X X 8d
9X9 *Qp2`;2 AKT`Qp2K2Mi J2+?MBbK X X X X X X X X X X X X X X X X 83
9X8 _2bmHib M/ .Bb+mbbBQMb X X X X X X X X X X X X X X X X X X X X X X eR
9Xe *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e8
9Xd _272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ee
8 .i *QHH2+iBQM #v JBMBim`2 2`BH o2?B+H2b b JQ#BH2 LQ/2b eN
8XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eN
8Xk _2Hi2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X dy
8Xj PTiBKmK LmK#2` Q7 *Hmbi2`b BM QA X X X X X X X X X X X X X X X dj
8X9 .*6Hv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d9
8X8 PTiBKmK *Hmbi2`b @ .*6Hv X X X X X X X X X X X X X X X X X X X X de
8Xe _2bmHib M/ .Bb+mbbBQMb X X X X X X X X X X X X X X X X X X X X X X 3y
8Xd *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ny
8X3 _272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X NR
e liBHBxiBQM Q7 SbbBp2 LQ/2 JQ#BHBiv 7Q` CQBMi qaL TTHB+@
iBQMb N8
eXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N8
eXk _2Hi2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X N8
eXj S`QTQb2/ TT`Q+? X X X X X X X X X X X X X X X X X X X X X X X X X NN
eX9 SbbBp2 JQ#BHBiv @ .2THQvK2Mi M/ *QHH2+iBQM ;2Mi X X X X X X Ryy
eX8 qBH/HB72 *QMb2`piBQM X X X X X X X X X X X X X X X X X X X X X X X Ryk
eXe _BH h`+F JQMBiQ`BM; X X X X X X X X X X X X X X X X X X X X X X X Ryj
eXd *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry8
tBB
eX3 _272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rye
d *QM+HmbBQMb M/ 6mim`2 qQ`Fb RyN
tBBB
tBp
GBbi Q7 6B;m`2b
RXR LQM@mMB7Q`K 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M2irQ`F /2THQvK2Mi `2;BQM- HbQ `272``2/ b b2MbQ` KQ#BHBiv (9)-(d)X h?2 i2`K
MQ/2 KQ#BHBiv Bb mb2/ i?`Qm;?Qmi i?Bb i?2bBb iQ `272` iQ i?2 miBHBxiBQM Q7 KQ#BH2
MQ/2b 7Q` `2HQ+iBQM BM i?2 M2irQ`F 7Q` //`2bbBM; p`BQmb 7mM+iBQMHBiB2b i?i
BM+Hm/2, +Qp2`;2 BKT`Qp2K2Mi U`2- #``B2` M/ i`;2iV- +Hmbi2`BM;- M2irQ`F
HB72iBK2- M/ M2irQ`F +QMM2+iBpBivX
RXj ai`m+im`H P`;MBxiBQM Q7 qaLb
ai`m+im`H 7Q`KiBQM BM `2bT2+i iQ qaLb `272`b iQ i?2 KMM2` BM r?B+? i?2
MQ/2b BM i?2 QA `2 Q`;MBx2/X qaLb +M #2 /2THQv2/ rBi?  i`22 #b2/
bi`m+im`2 7Q` i`Mb72` Q7 BM7Q`KiBQM BM r?B+? i?2 }MH ;;`2;iBQM TQBMi Q7
/i Bb i?2 "a- Qi?2` MQ/2b `2 H27 MQ/2b iQ i?2 `QQiX AM7Q`KiBQM `Qmi2/ BM
i?2 M2irQ`F +M #2 ;;`2;i2/ i i?2 T`2Mi MQ/2 iQ +2`iBM H27 MQ/2UbV Q`
`2Hv2/ b Bi Bb iQ i?2 7m`i?2` T`2Mi MQ/2 BM /B`2+iBQM iQ i?2 "a (3- N)X M
Qi?2` T`QKBM2Mi bi`m+im`2 7Q`KiBQM 7Q` qaLb Bb i?2 Q`;MBxiBQM Q7 b2MbQ`
MQ/2b BMiQ +Hmbi2`b- r?B+? +M #2 +HbbB}2/ b  bT2+B}+ ivT2 Q7 i`22 bi`m+im`2X
*Hmbi2`BM; i?2 b2MbQ` MQ/2b 7Q`Kb  ?B2``+?B+H bi`m+im`2 BM i?2 M2irQ`F- bm+?
i?i i?2 b2MbQ` MQ/2b `2Hv i?2B` K2bb;2b iQ i?2 2H2+i2/ +Hmbi2` ?2/ U*>V BM
i?2 HQr2` iB2`X h?2 *>b 7Q`K i?2 mTT2` iB2` BM i?2 M2irQ`F M/ i?2 *>b `2
+QHH2+iBp2Hv `2bTQMbB#H2 7Q` /2HBp2`v Q7 i?2 T+F2ib i i?2 "a (Ry)-(RR)X qaLb
+M HbQ #2 /2THQv2/ BM i?2 QA rBi?Qmi T`QT2` bi`m+im`H 7Q`KiBQM- +HH2/
b  ~i bi`m+im`2- #Qi? ivT2b `2 b?QrM BM 6B;X RXkX  ~i bi`m+im`2 Bb
MQi T`272`#H2 b b2MbQ` MQ/2b TQbb2bb  p2`v HBKBi2/ 2M2`;v M/ TQbbB#Hv MQ
QTiBQM iQ `2M2r f `2TH+2 i?2 #ii2`v `2b2`p2X LQ/2b rBHH +QMbmK2 KQ`2 2M2`;v
BM i`MbKBbbBQM Q7 K2bb;2b b i?2`2 rBHH #2 MQ +H2` `Qmi2b 7Q` i`MbKBbbBQM
Q7 K2bb;2b iQ i?2 "aX h?2`2 +M #2 2t+2bbBp2 mM/2bB`2/ i`MbKBbbBQMb Q7
/i T+F2ib +`Qbb i?2 M2irQ`F (Rk)X AM  ?B2``+?B+H bi`m+im`2 +?B2p2/ rBi?
+Hmbi2`BM; Q7 i?2 MQ/2b i?2 T+F2ib `2+2Bp2/ i i?2 *> +M #2 ;;`2;i2/ #27Q`2
QMr`/ i`MbKBbbBQM iQ i?2 "a- i?2`2#v- /2+`2bBM; i?2 Qp2`HH i`{+ BM i?2
M2irQ`F BM +QKT`BbQM rBi?  ~i M2irQ`FX
JQ#BH2 *> #b2/ Q`;MBxiBQM Q7 MQ/2b BM i?2 M2irQ`F 7Q` BKT`QpBM; M2i@
rQ`F HB72iBK2 ?b #22M T`2b2Mi2/ rBi? i?`22 KQ#BHBiv bi`i2;B2b #b2/ QM `2@
KBMBM; 2M2`;v Q7 b2MbQ`b Q` Q++m``2M+2 Q7 M 2p2Mi (Rj)X q?BH2 7i2`  MQM@
mMB7Q`K /2THQvK2Mi +mb2/ #v `2KQi2 /`QTTBM; Q7 MQ/2b- Bi Bb 2tT2+i2/ i?i
KQ#BH2 MQ/2b rQmH/ `2HQ+i2 iQ BKT`Qp2 +Qp2`;2 Q7 i?2 M2irQ`F Qp2` M QA
b i?2 T`BK`v ibFX h?2`27Q`2- +Hmbi2`BM; Q7 MQ/2b Bb `2Hi2/ iQ i?2 KMM2`
j
&OXVWHU
+HDG&+
6HQVRU 1RGH
%DVH
6WDWLRQ%DVH
6WDWLRQ
6HQVRU 1RGH
6B;m`2 RXk, qaL bi`m+im`2 BV ~i BBV ?B2``+?B+H U+Hmbi2`bV
BM r?B+? MQ/2b `2 /2THQv2/ BM i?2 QAX .2bTBi2 Q7 i?Bb BKTHB+Bi `2HiBQM #2@
ir22M i?2 irQ M2irQ`F ii`B#mi2b i?2v ?p2 #22M MHvx2/ BM/BpB/mHHv BM i?2
HBi2`im`2 (R9)X
RXjXR hvT2b Q7 qaLb "b2/ QM LQ/2 JQ#BHBiv
"b2/ QM i?2 MQ/2 KQ#BHBiv pBH#H2 BM i?2 M2irQ`F- qaLb +M #2 +HbbB}2/
BMiQ i?`22 ivT2b, biiB+- ?v#`B/ M/ KQ#BH2 (8)-(R8)X h?2v `2 /Bb+mbb2/ BM i?2
7QHHQrBM; bm#b2+iBQMb,
aiiB+ qaL
 M2irQ`F rBi? MQM2 Q7 i?2 MQ/2b ?pBM; KQ#BHBiv- BX2X- +QKTQb2/ Q7 QMHv biiB+
MQ/2b Bb +HH2/  biiB+ qaLX  M2irQ`F +QKTQb2/ rBi? HH biiB+ MQ/2b +M MQi
/Ti rBi? /vMKB+ +?M;2b i?i Kv Q++m` BM i?2 M2irQ`F Qp2` Bib HB72iBK2X AM
i?2 2p2Mi Q7 MQM@mMB7Q`K /2THQvK2Mi Q7 i?2 M2irQ`F BM i?2 QA- i?2 MmK#2` Q7
biiB+ MQ/2b `2[mB`2/ rQmH/ #2 Km+? H`;2` i?M  +`BiB+H /2MbBiv i?i rQmH/
#2 bm{+B2Mi iQ +Qp2` i?2 QA (j)- (R8)X *`BiB+H /2MbBiv Bb /2b+`B#2/ b M Qp2`
TQbBiBQMBM; K2i`B+ BM (8)X Ai rQmH/ #2 M2+2bb`v iQ iiBM  F@+Qp2`;2 +`Qbb
i?2 QA- rBi? F `272``BM; iQ i?2 MmK#2` Q7 b2MbQ`b 2tT2+i2/ iQ +Qp2` HH TQBMi
BM i?2 `2;BQMX am+?  M2irQ`F +M #2 T`iBiBQM2/ `2bmHiBM; 7`QK Qmi;2 Q7  72r
MQ/2b `2HvBM; i`{+ 7Q` Qi?2` MQ/2bX am+?  M2irQ`F Bb HbQ MQi +T#H2 iQ
//`2bb  +QM/BiBQM BM r?B+?  +2`iBM `2;BQM ;2M2`i2b BM7Q`KiBQM i  ?B;?2`
`i2 i?M i?2 `2bi Q7 i?2 M2irQ`FX //BiBQMH `2bQm`+2b `2[mB`2/ #v  +2`iBM
`2;BQM +M MQi #2 T`QpB/2/ #v  biiB+ MQ/2b #b2/ M2irQ`F (d)X h?2`27Q`2- Bi
+M #2 bB/ i?i i?2 Qp2`HH T2`7Q`KM+2 Q7  biiB+ b2MbQ` M2irQ`F Bb HBKBi2/
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iQ i?2 BMBiBH /2THQvK2Mi (Re)X _2Q`;MBxBM; i?2 M2irQ`F rQmH/ #2 +?B2p#H2
QMHv #v KMmHHv TH+BM; i?2 MQ/2b b T2` i?2 M22/X
>v#`B/ qaL
 ?v#`B/ M2irQ`F +QKT`Bb2b  KBt Q7 biiB+ M/ KQ#BH2 MQ/2b- HbQ `272``2/
b  KBt2/ qaL (9)X am+?  M2irQ`F +M HbQ #2 +HbbB}2/ b  bT2+BH +Hbb
Q7 KQ#BH2 b2MbQ` M2irQ`F UJaLV- b Qmi Q7 i?2 iQiH MQ/2b BM i?2 M2irQ`F
QMHv bQK2 TQbb2bb KQ#BHBivX h?Bb Bb DmbiB}#H2- +QMbB/2`BM; i?2 /Bz2`2M+2 BM
+Qbi #2ir22M KQ#BH2 MQ/2b M/ biiB+ MQ/2b (Re) QM  T2` mMBi #bBbX 1p2M
BM `2bT2+i iQ 2M2`;v +Qbib BMpQHp2/- Bi Bb mM/2bB`#H2 iQ ?p2  H`;2 MmK#2`
Q7 KQ#BH2 MQ/2b BM i?2 M2irQ`F (k)X AM (Rd)- Bi Bb bii2/ i?i  KBt Q7 biiB+
M/ KQ#BH2 MQ/2b b?QmH/ #2 mb2/ 7Q` KBMiBMBM;  #HM+2 #2ir22M i?2 b2MbQ`
+Qbi M/ +Qp2`;2X h?2`27Q`2- ?v#`B/ b2MbQ` M2irQ`Fb `2 2tT2+i2/ iQ 7mM+iBQM
+QMbB/2`BM; i?Bb i`/2@Qz #2ir22M b2MbQ` +Qbi M/ #2M2}i ;`M2`2/ rBi? MQ/2
KQ#BHBiv BM i?2 M2irQ`FX
JQ#BH2 qaL
JQ#BH2 qaLb Bb  M2irQ`F +QKTQb2/ bm+? i?i HH MQ/2b TQbb2bb i?2 +T+Biv
iQ `2HQ+i2- BX2X- MQ/2 KQ#BHBivX AM bm+?  M2irQ`F Bi Bb BMi2M/2/ i?i HH i?2
MQ/2b `2 +QMiBMmQmbHv KQpBM; i?`Qm;?Qmi i?2 M2irQ`F `2;BQM- M/ i?`Qm;?Qmi
i?2 M2irQ`F HB72iBK2 (R3)X h?Bb /Bz2`2MiBi2b KQ#BH2 qaL 7`QK ?v#`B/ qaL-
r?2`2 i?2 mbmH BMi2MiBQM Bb iQ miBHBx2 KQ#BH2 MQ/2b iQ bmTTH2K2Mi M2irQ`F T2`@
7Q`KM+2 T`QpB/2/ #v biiB+ MQ/2b M/ MQ/2 KQ#BHBiv Bb miBHBx2/ `2bi`B+iBp2HvX AM
 JaL i?2 KQ#BH2 MQ/2b Kv TQbb2bb TbbBp2 KQ#BHBiv HbQ `272``2/ b T`bBiB+
KQ#BHBiv (RN)- BMbi2/ Q7 +iBp2 KQ#BHBiv T`QpB/2/ #v i?2 MQ/2 Bib2H7X h?Bb Bb
72bB#H2 rBi? KQ#BH2 MQ/2b KQpBM; #b2/ QM, `Bp2` +m``2Mib- Q+2M +m``2Mib- B`
+m``2Mib Q` Qi?2` 7Q`+2b Q7 ~mB/X Hi2`MiBp2Hv- i?2 MQ/2b +M #2 KQmMi2/ QM
p2?B+H2b- ii+?2/ iQ MBKHb Q` +``B2/ #v T2QTH2 (R3)-(RN)-(ky)X JQ#BH2 qaL
TTHB+iBQMb #b2/ QM TbbBp2 MQ/2 KQ#BHBiv `2 Km+? KQ`2 ++2Ti#H2 +QK@
T`2/ rBi? TTHB+iBQMb #b2/ QM +iBp2 MQ/2 KQ#BHBiv +QMbB/2`BM; BM i2`Kb Q7
i?2 TTHB+#H2 +Qbi iQ ++QKTHBb? i?2KX
RXjXk 1M2`;v, _2bQm`+2 M/ *QMbmKTiBQM
1M2`;v Bb  b+`+2 `2bQm`+2 BM b2MbQ` MQ/2b /m2 iQ HBKBi2/ #ii2`v `2b2`p2X
JQp2K2Mi Q7 b2MbQ` MQ/2b +QMbmK2b  HQi Q7 2M2`;v +QKT`2/ iQ 2M2`;v +QM@
bmKTiBQM 7Q` `/BQ +QKKmMB+iBQM BM i?2 M2irQ`FX JMv bim/B2b BM i?2 HBi2`@
im`2 bii2 i?Bb M/ T`QTQb2 TTHB+iBQMb M/ mb2b Q7 MQ/2 KQ#BHBiv +QMbB/2`BM;
i?Bb +QMbi`BMi (k)- (kR)X AM bQK2 Q7 i?2 HBi2`im`2 rQ`Fb- Bi Bb bbmK2/ i?i MQ/2
KQ#BHBiv Bb mMHBKBi2/ (kk)X aQK2 bim/B2b +QMbB/2` biiB+ M/ KQ#BH2 MQ/2b b
?2i2`Q;2M2Qmb 2MiBiB2b U/Bz2`2M+2 BM i?2B` QT2`iBQMH +T#BHBiB2b T`i 7`QK
MQ/2 KQ#BHBivV- rBi? KQ#BH2 MQ/2b TQbb2bbBM; KQ`2 2M2`;v `2b2`p2 U#ii2`vV
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+QKT`2/ rBi? biiB+ MQ/2bX aBKBH`Hv- i?2`2 `2 bim/B2b i?i +QMbB/2` 2M2`;v
bT2Mi BM KQp2K2Mi Q7 i?2 KQ#BH2 MQ/2b iQ #2 `2TH2MBb?2/ #v K2Mb Q7 2M2`;v
?`p2biBM; K2+?MBbKb T`QpB/2/ QM i?2 b2MbQ` MQ/2 THi7Q`KX Hi2`MiBp2Hv-
72bB#BHBiv Q7 2M2`;v `2TH2MBb?K2Mi rBi? T2`BQ/B+ TT`Q+? Q7 KQ#BH2 MQ/2 iQ
i?2 "a Q`  `2+?`;BM; /Q+FBM; biiBQM (kj)X lb2 Q7 KQ#BH2 MQ/2b BM i?2 M2irQ`F
bm+? i?i i?2v `2 +QMbB/2`2/ b HQr +Qbi M/ /BbTQb#H2 MQ/2b ?b HbQ #22M
T`QTQb2/ (k9)X "Qi? KQp2K2Mi Q7 MQ/2b M/ i`MbKBbbBQM Q7 BM7Q`KiBQM `2
?B;?Hv 2M2`;v BMi2MbBp2 `2bQm`+2b BM qaLb- i?2 Hii2` b bm+? #2BM;  7`+iBQM
Q7 i?2 Qi?2`X h?2 2M2`;v +QMbmKTiBQM 7Q` KQp2K2Mi Q7 KQ#BH2 MQ/2 M/ i`Mb@
KBbbBQM Q7 BM7Q`KiBQM ?p2 #22M +QKT`2/ BM (k9)- M/ /2b+`B#2/ b #2HQrX
h?2 2M2`;v +QMbmKTiBQM #v  KQ#BH2 MQ/2 EnM iQ KQp2  +2`iBM /BbiM+2 U/V
Bb `2T`2b2Mi2/ b,
EnM (d) = kd
6Q` M QTiBKH bT22/ Q7 i?2 MQ/2- F 4 k- 2M2`;v +QMbmKTiBQM 7Q` i`MbKBbbBQM
EnT Q7 #Bib Qp2`  /BbiM+2 U/V Bb `2T`2b2Mi2/ b,
EnT (d) = m(a+ bd
2)
>2`2 K `2T`2b2Mib i?2 MmK#2` Q7 #Bib i`MbKBii2/- r?BH2  M/ # `2 +QMbiMib
#b2/ QM i?2 2MpB`QMK2MiX "b2/ QM i?Bb `2T`2b2MiiBQM- +QMbiMi a = 0.6 ×
10−7J/bit M/ b = 2×10−10Jm−2/bit 7Q`  `/BQ THi7Q`K U**RyyyV iQ +?B2p2
 T+F2i `2+2TiBQM `iBQ Q7 N8W i i?2 `2+2Bp2`X Ai +M #2 MQi2/ i?i i?2 7+iQ`
F ;Qp2`MBM; i?2 KQ#BHBiv Q7  MQ/2 Qp2`  /BbiM+2 Bb 1010 iBK2b H`;2` i?M #
;Qp2`MBM; i?2 i`MbKBbbBQM Qp2` i?2 bK2 /BbiM+2 /X h?Bb DmbiB}2b i?i miBHBxBM;
MQ/2 KQ#BHBiv BM  +QMi`QHH2/ KMM2` Bb #2ii2` +QKT`2/ rBi? mM`2bi`B+i2/ MQ/2
KQ#BHBiv BM i?2 M2irQ`FX
LpB;iBQM M/ Si? SHMMBM;
1M2`;v +QMbmKTiBQM /m2 iQ MQ/2 KQ#BHBiv /2T2M/b QM i?2 /BbiM+2 KQp2/
#v i?2 MQ/2X h?2`27Q`2- bi`2bbBM; QM i?2 `2[mB`2K2Mi 7Q` T`QT2` MpB;iBQM
M/ Ti? THMMBM; 7Q` KQ#BH2 MQ/2b iQ KBMBKBx2 i?2 iQiH /BbiM+2 KQp2/ #v
i?2 MQ/2bX M Q#pBQmb BM72`2M+2 +M #2 /`rM #b2/ QM 7+i- BX2X-  KQ#BH2
MQ/2 KQpBM; b2H/QKHv M/ `2KBMBM; biiBQM`v /m`BM; i?2 `2KBMBM; iBK2
rQmH/ `2[mB`2 H2bb MpB;iBQM f Ti? THMMBM; `2bQm`+2b- +QKT`2/ rBi?  MQ/2
+QMiBMmQmbHv KQpBM;X .m2 iQ i?Bb- +QQ`/BMiBM; i?2 KQp2K2Mi Q7 KQ#BH2 MQ/2b
BM  qaL Bb  KDQ` Bbbm2 (R8)X 6Q` MpB;iBM; KQ#BH2 MQ/2b BM i?2 M2irQ`F-
Ti? THMMBM; BM+m`b M Qp2`?2/ BM i2`Kb Q7 K2bb;2 i`MbKBbbBQMX h?Bb +M
#2 ?M/H2/ BM  +2Mi`HBx2/ Q` /Bbi`B#mi2/ 7b?BQMX h?2 +Qbi Q7 Ti? THMMBM;
rBi?  +2Mi`HBx2/ BKTH2K2MiiBQM Bb Km+? ?B;?2` i?M /Bbi`B#mi2/ b+?2K2b-
+QMbB/2`BM; i?2 i`MbKBbbBQM +Qbi Q7 KmHiB@?QT K2bb;2b BMpQHp2/ +`Qbb i?2
M2irQ`FX GQ+iBQM K2+?MBbKb T`QpB/2/ #v M2irQ`F 2H2K2Mib BMi2`MHHv Q`
2ti2`MHHv #v ;HQ#H TQbBiBQMBM; bvbi2K U:SaV ?p2 mbmHHv #22M +QMbB/2`2/ 7Q`
e
Ti? THMMBM; M/ MpB;iBQM Q7 KQ#BH2 MQ/2 +`Qbb i?2 M2irQ`F (kR)-(k9)-(k8)X
Hi2`MiBp2Hv- Bi Bb +QMbB/2`2/ i?i MQ/2b BM i?2 M2irQ`F M/ i?2 M2irQ`F b
 r?QH2 `2 r`2 Q7 i?2B` HQ+iBQMb (kk)X h?Bb +QMbB/2`iBQM bBKTHB}2b i?2
bQHmiBQM Q7 Ti? THMMBM; BMpQHpBM; KQ#BH2 MQ/2b BM i?2 M2irQ`FX >Qr2p2`-
Ti? THMMBM; Q7 KQ#BH2 MQ/2b Bb +QKTH2t rBi?Qmi i?2b2 bbmKTiBQMbX h?2b2
Q#b2`piBQMb 7m`i?2` bi`2bb QM i?2 `2[mB`2K2Mi iQ miBHBx2 MQ/2 KQ#BHBiv BM 
+QMi`QHH2/ KMM2` rBi?BM i?2 M2irQ`FX
RXjXj JQ#BHBiv J2+?MBbKb
JMv KQ#BH2 MQ/2 THi7Q`Kb ?p2 #22M T`QTQb2/ BM i?2 HBi2`im`2 bm+? b _Q#Q@
KQi2- *Qib"Qib- _+2KQi2- JBHHB#Qib- E?2T2` (ke)-(kd)- M/ bQK2 Q7 i?2b2
KQ#BH2 MQ/2b `2 b?QrM BM 6B;X RXjX h?2b2 KQ#BH2 MQ/2 THi7Q`Kb `2Hv QM 
6B;m`2 RXj, JQ#BH2 b2MbQ` MQ/2 THi7Q`Kb
_Q#QKQi2- E?2T2` M/ JBHHB#Qi U+HQ+FrBb2 7`QK H27iV (ke)-(kd)-(k3)
d
KQ#BHBiv K2+?MBbK Q7 KQiQ` /`Bp2M r?22HbX h?2b2 KQ#BH2 MQ/2 THi7Q`Kb-
BM ;2M2`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p2 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rBi? TQTmH` biiB+ MQ/2 TH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b 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Hi2`BM; i?2 KQmMi Q7 +QBH@
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b 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M/ KQ#BHBiv #v K2Mb Q7 H2;b 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p2 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iBQM K2+?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BMX h?2 r?22H #b2/ KQ#BH2 MQ/2 +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b 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MQ/2b Q` KBMBim`2 2`B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pBQ` Q7 bBKBH`
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 KQ#BH2 MQ/2
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iBQMb 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`2 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M #2 miBHBx2/ +QKTH2i2Hv 7Q` QM@#Q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b 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b KQp2K2Mi Q7 T2QTH2 +M MQi
#2 `2;mHi2/- 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bbBp2 b MQ 2M2`;v +QMbmKTiBQM 7Q` KQ#BHBivX JQMBiQ`BM;
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/ +QM/BiBQMb 7Q` TQi?QH2b rBi? b2MbQ` KQmMi2/ QM p2?B+H2b Bb T`2b2Mi2/ BM
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`QmM/ }M/BM; K2+?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bT2+ib
bii2/ 2`HB2`X >Qr2p2`- i?2 MQ/2 KQ#BHBiv miBHBiv Bb 2tT2+i2/ iQ +QKTHv rBi?
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b 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H HBKBi Q7 i?2 KQ#BH2 MQ/2 /m2 iQ ?B;? 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iBQM +Qbi- 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Q7 KQ#BH2 MQ/2b Qmi Q7 iQiH MQ/2b BM i?2 M2irQ`F U?v#`B/ M2irQ`FV U+QMbi`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`Hv- i?2 KQ#BH2 MQ/2b 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iBQM Q7
KQ#BH2 MQ/2b BM i?2 M2irQ`F 7Q` 2M?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M #2 bmKK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MBx2/ BM +Hmbi2`b\
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+iBp2
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`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MBbKb\
Ç >Qr +M KQ#BH2 MQ/2b #2 miBHBx2/ 7Q` /i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`+? [m2biBQMb Bb #`Q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QHQ;vX h?2 `2b2`+? [m2biBQMb ?p2 #22M //`2bb2/ #v +``vBM; Qmi ;2QK2i`B+
KQ/2HBM;- bBKmHiBQM #b2/ 2pHm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iBQMb- 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`2b2`+? [m2biBQMb bii2/ #Qp2 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+Q``2bTQM/BM; Tm#HB+iBQMUbV `2H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Ç h?2 miBHBiv Q7 KQ#BH2 MQ/2b BM +QKT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h?2 irQ ivT2b Q7 MQ/2b ?p2 #22M 2pHmi2/ 7Q` i?2B` +T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``v
Qmi +2`iBM M2irQ`F 7mM+iBQMHBiB2b #b2/ QM  i2+?MQ@2+QMQKB+ 2pHmiBQM
U*?Ti2` k- Tm#HB+iBQM, VX
Ç AMi2`@T`K2i2` `2HiBQM #2ir22M MQ/2 KQ#BHBiv M/ +Qp2`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 +2`i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QA +QMbB/2`BM; T`K2i2`b r?B+? ;Qp2`M i?2b2 irQ M2irQ`F 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BM+Hm/2, iQiH MmK#2` Q7 MQ/2b- T2`+2Mi Q7 iQiH MQ/2b b KQ#BH2 MQ/2b M/
T2`KBbbB#H2 /Bbi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 KQ#BH2 MQ/2 +M `2HQ+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iBQM,
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MBbK 7Q` miBHBxBM; MQ/2 KQ#BHBiv iQ 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iBQM i?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`+?B+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i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 /2THQv2/ M2irQ`F miBHBxBM;
MQp2H MQ/2 KQ#BHBivX h?2 KQ#BH2 MQ/2 +QHH2+ib /i 7`QK i?2 /2THQv2/
M2irQ`F rBi?Qmi ?KT2`BM; Mv Qi?2` M2irQ`F QT2`iBQM bT2+iX h?2
/i +QHH2+iBQM K2+?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HHv /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i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M2irQ`F /2THQv2/ BM ?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b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b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b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b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/- Ǵ*Qp2`;2 BKT`Qp2@
K2Mi BM +Hmbi2`2/ rB`2H2bb b2MbQ` M2irQ`Fb #v `2HQ+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bB+ Qp2`pB2r #Qmi qaLb 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HQM; rBi? T`Q#H2K
/2}MBiBQM #b2/ QM p`BQmb miBHBiB2b i?i +M #2 iiBM2/ #v 2z2+iBp2 miBHBxiBQM
Q7 KQ#BH2 MQ/2b BM qaLb- M/ i?2 Q`B;BMH +QMi`B#miBQMb Q7 i?Bb i?2bBb BM HBM2
rBi? BiX
AM *?Ti2` k- i?2 +T+Biv Q7 KQ#BH2 MQ/2b iQ 7mH}H  +2`iBM 7mM+iBQMHBiv BM
+QKT`BbQM rBi? biiB+ MQ/2b ?b #22M T`2b2Mi2/X h?2 irQ MQ/2 ivT2b `2 2pH@
mi2/ iQ 7mH}H i?2 ;Bp2M 7mM+iBQMHBiv #b2/ QM  i2+?MQ@2+QMQKB+ 2pHmiBQMX
h?2 p`BQmb 7mM+iBQMHBiB2b ?p2 #22M `2T`2b2Mi2/ #v `2H2pMi ;2QK2i`B+ KQ/2Hb
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6B;m`2 RX9, ai`m+im`2 Q7 i?2 i?2bBb
Rk
7Q` +``vBM; Qmi i?2 2pHmiBQMX h?2 M22/ iQ 2pHmi2 i?2 irQ ivT2b Q7 MQ/2b
QM  i2+?MQ@2+QMQKB+ #bBb bi2Kb 7`QK i?2 7+i i?i ?B;? QT2`iBQMH +Qbi Bb
bii2/ b QM2 Q7 i?2 KBM `2bQMb 7Q` HQr ++2Ti#BHBiv Q7 KQ#BH2 MQ/2b 7Q` mb2
BM qaLbX h?2 Qmi+QK2 Q7 i?2 2pHmiBQM Bb i?i KQ#BH2 MQ/2b `2 bm#biMiBHHv
#2M2}+BH 7Q` mb2 BM +QKT`BbQM rBi? biiB+ MQ/2b BM i?2 M2irQ`FX
*?Ti2` j T`2b2Mib i?2 `2HiBQM KQM;bi i?2 p`BQmb T`K2i2`b i?i ;Qp2`M
i?2 Qp2`HH MQ/2 KQ#BHBiv 72bB#H2 BM i?2 M2irQ`FX h?2 2pHmiBQM Bb T`2b2Mi2/
#b2/ QM MQ/2 KQ#BHBiv mb;2 7Q` +Qp2`BM;  ;Bp2M QAX h?2 Qmi+QK2 Q7 i?Bb
+?Ti2` Bb i?2 KmHiB@T`K2i2` `2HiBQM i?i +M +QMp2MB2MiHv b2`p2 b  v`/@
biB+F 7Q` THMMBM; i?2 M2irQ`F `2bQm`+2b #27Q`2 /2THQvK2MiX
*?Ti2` 9 T`2b2Mib  K2+?MBbK 7Q` +Qp2`;2 BKT`Qp2K2Mi 7Q`  +Hmbi2`
#b2/ M2irQ`F /2THQv2/ BM i?2 QAX h?2 Qmi+QK2 Q7 i?2 +?Ti2` Bb i?i +Qp2`@
;2 M/ +Hmbi2`BM; b?QmH/ #2 +QMbB/2`2/ BM  +QK#BM2/ KMM2` M/ MQi BM/BpB/@
mHHvX h?2 T`QTQb2/ K2+?MBbK BM i?2 +?Ti2` HbQ /2KQMbi`i2b i?i rBi?Qmi
miBHBxBM; Mv HQ+HBxiBQM b2`pB+2 i?2 KQ#BH2 MQ/2b `2 #H2 iQ `2HQ+i2 iQ i?2
/2biBMiBQM HQ+iBQM 7Q` BKT`QpBM; i?2 +Qp2`;2X
*?Ti2` 8 T`2b2Mib  MQp2H K2+?MBbK 7Q` /i +QHH2+iBQM mbBM; KBMBim`2
2`BH p2?B+H2b UJobV 7Q`  M2irQ`F Q`;MBx2/ BM  +Hmbi2`2/ KMM2` M/ /2@
THQv2/ BM  ?`b? M/ BM?#Bi#H2 i2``BMX h?2 bT2+B}+ Qmi+QK2 Q7 i?2 +?Ti2`
Bb i?i i?2 T`QTQb2/ K2+?MBbK HHQrb /i +QHH2+iBQM 7`QK i?2 M2irQ`F- rBi?@
Qmi ?BM/2`BM; i?2 MQ`KH QT2`iBQMbX JQ`2Qp2` i?2 `2[mB`2K2Mi Q7 `2bQm`+2
BMi2MbBp2 QT2`iBQM Q7 KmHiB@?QT +QKKmMB+iBQM Bb H`;2Hv pQB/2/ rBi?BM i?2
M2irQ`F b i?2 *>b `2 MQi `2[mB`2/ iQ +QKKmMB+i2 rBi? i?2 "aX
*?Ti2` e T`2b2Mib  K2+?MBbK iQ //`2bb b22KBM;Hv MQM `2Hi2/ TTHB+@
iBQMb mbBM; TbbBp2 KQ#BHBiv Q7 KQ#BH2 MQ/2b- +?B2p2/ mbBM;  MQp2H /2THQvK2Mi
M/ +QHH2+iBQM ;2MiX h?2 bT2+B}+ Qmi+QK2 Q7 i?2 +?Ti2` Bb i?i Bi T`Qp2b i?i
qaLb +M #2 mb2/ iQ b2`p2 KQ`2 i?M QM2 Tm`TQb2 UTTHB+iBQMV- bBKBH` iQ
i?2 B/2H miBHBiv Q7 KQ#BH2 MQ/2b rBi?BM i?2 M2irQ`F- BX2X- iQ b2`p2 KQ`2 i?M
QM2 M2irQ`F T`K2i2`X MQi?2` bB;MB}+Mi Qmi+QK2 Q7 i?2 +?Ti2` Bb i?2
T`QKBbBM; miBHBiv Q7 TbbBp2 KQ#BHBiv BM qaLbX
h?2 Qp2`HH +QM+HmbBQMb #b2/ QM i?2 `2b2`+? +QMi`B#miBQMb T`2b2Mi2/ BM
i?Bb i?2bBb- M/ i?2 TQbbB#H2 7mim`2 rQ`F #b2/ QM +m``2Mi rQ`F `2 /Bb+mbb2/
BM *?Ti2` dX
RXd _272`2M+2b
(R) C2MMB72` uB+F- "BbrMi? JmF?2`D22- M/ .BTF :?QbHX qB`2H2bb b2MbQ`
M2irQ`F bm`p2vX *QKTmi2` L2irQ`Fb- 8kURkV,kkNk Ĝ kjjy- kyy3X
(k) h?Fb?BH qBKHD22r M/ am/?`KM EX Cvr22`X .Bbi`B#mi2/ M/
+QHH#Q`iBp2 MQ/2 KQ#BHBiv KM;2K2Mi 7Q` /vMKB+ +Qp2`;2 BKT`Qp2@
K2Mi BM ?v#`B/ b2MbQ` M2irQ`FbX 1l_aAS CX qB`2H2bb *QKKX M/ L2i@
rQ`FBM;- kyRRX
Rj
(j) :mBHBM; qM;- :mQ?QM; *Q- hQK G SQ`i- M/ q2Mb?2M; w?M;X a2MbQ`
`2HQ+iBQM BM KQ#BH2 b2MbQ` M2irQ`FbX AM A111 AL6P*PJ- T;2b kjykĜ
kjRk- kyy8X
(9) h?2Q7MBb SX GK#`Qm M/ *?`BbiQb :X SMvBQiQmX *QHH#Q`iBp2 `2
KQMBiQ`BM; mbBM; rB`2H2bb b2MbQ` M2irQ`Fb rBi? biiBQM`v M/ KQ#BH2
MQ/2bX 1l_aAS CX /pX aB;MH S`Q+2bb- kyyN,d,RĜd,Re- CMm`v kyyNX
(8) q2B qM; oBF`K a`BMBpbM M/ E22@*?BM; *?mX h`/2@Qzb #2ir22M
KQ#BHBiv M/ /2MbBiv 7Q` +Qp2`;2 BM rB`2H2bb b2MbQ` M2irQ`FbX AM S`Q+22/@
BM;b Q7 i?2 Rji? MMmH *J BMi2`MiBQMH +QM72`2M+2 QM JQ#BH2 +QKTmiBM;
M/ M2irQ`FBM;- kyydX
(e) _2MBi J+?/Q- q2Mb?2M; w?M;- :mBHBM; qM;- M/ aB`BM h2FBMvX *Qp@
2`;2 T`QT2`iB2b Q7 +Hmbi2`2/ rB`2H2bb b2MbQ` M2irQ`FbX *J h`MbX a2MX
L2irX- d,Rj,RĜRj,kR- kyRyX
(d) uQm@*?BmM qM;- 6M;@CBM; qm- M/ um@*?22 hb2M;X JQ#BHBiv KM;2@
K2Mi H;Q`Bi?Kb M/ TTHB+iBQMb 7Q` KQ#BH2 b2MbQ` M2irQ`FbX qB`2H2bb
*QKKmMB+iBQMb M/ JQ#BH2 *QKTmiBM;- Rk,dĜkR- kyRkX
(3) qMx?B ZBm- 17bi`iBQb aF}/b- M/ S2M; >QX 1M?M+2/ i`22 `QmiBM;
7Q` rB`2H2bb b2MbQ` M2irQ`FbX / >Q+ L2irX- dUjV,ej3Ĝe8y- Jv kyyNX
(N) ZBM; w?M;- w?BT2M; sB2- q2Br2B amM- M/ "BH2 a?BX h`22 bi`m+im`2 #b2/
/i ;i?2`BM; 7Q` KtBKmK HB72iBK2 BM rB`2H2bb b2MbQ` M2irQ`FbX AM q2#
h2+?MQHQ;B2b _2b2`+? M/ .2p2HQTK2MiX aT`BM;2`- kyy8X
(Ry) K22` ?K2/ ##bB M/ JQ?K2/ uQmMBbX  bm`p2v QM +Hmbi2`BM; H;Q@
`Bi?Kb 7Q` rB`2H2bb b2MbQ` M2irQ`FbX *QKTmi2` *QKKmMB+iBQMb- jy,k3ke
Ĝ k39R- kyydX
(RR) LX .BKQFb- .X Eib`Qb- M/ uX JMQHQTQmHQbX 1M2`;v@2{+B2Mi /Bb@
i`B#mi2/ +Hmbi2`BM; BM rB`2H2bb b2MbQ` M2irQ`FbX CQm`MH Q7 S`HH2H M/
.Bbi`B#mi2/ *QKTmiBM;- dy,jdR Ĝ j3j- kyRyX
(Rk) .X*X >QM;- _X EmK`- M/ aXEX SM/X PTiBKH /i ;;`2;iBQM i`22
BM rB`2H2bb b2MbQ` M2irQ`Fb #b2/ QM BMi2HHB;2Mi ri2` /`QTb H;Q`Bi?KX
qB`2H2bb a2MbQ` avbi2Kb- A1h- kUjV,k3kĜkNk- kyRkX
(Rj) hQ`b? "M2`D22- "BM sB2- CmM; >vmM CmM- M/ .?`K SX ;`rHX AM@
+`2bBM; HB72iBK2 Q7 rB`2H2bb b2MbQ` M2irQ`Fb mbBM; +QMi`QHH#H2 KQ#BH2 +Hmb@
i2` ?2/bX qB`2H2bb *QKKmMB+iBQMb M/ JQ#BH2 *QKTmiBM;- Ry,jRjĜjje-
kyRyX
(R9) aiMBbHp aQ`Q M/ q2M/B "X >2BMx2HKMX *Hmbi2` ?2/ 2H2+iBQM i2+?@
MB[m2b 7Q` +Qp2`;2 T`2b2`piBQM BM rB`2H2bb b2MbQ` M2irQ`FbX / >Q+ L2i@
rQ`Fb- d,N88 Ĝ Ndk- kyyNX
R9
(R8) "M; qM;- >Q+F "2M; GBK- M/ .B JX  bm`p2v Q7 KQp2K2Mi bi`i2;B2b
7Q` BKT`QpBM; M2irQ`F +Qp2`;2 BM rB`2H2bb b2MbQ` M2irQ`FbX *QKTmi2`
*QKKmMB+iBQMb- jk,R9kd Ĝ R9je- kyyNX
(Re) h?Fb?BH qBKHD22r M/ am/?`KM EX Cvr22`X AKT+i Q7 KQ#BH2
MQ/2 /2MbBiv QM /2i2+iBQM T2`7Q`KM+2 K2bm`2b BM  ?v#`B/ b2MbQ` M2i@
rQ`FX A111 h`Mb+iBQMb QM qB`2H2bb *QKKmMB+iBQMb- NU8V,RdeyĜRdeN-
kyRyX
(Rd) :mBHBM; qM;- :mQ?QM; *Q- M/ hX GSQ`iX  #B//BM; T`QiQ+QH 7Q`
/2THQvBM; KQ#BH2 b2MbQ`bX AM L2irQ`F S`QiQ+QHb- kyyjX S`Q+22/BM;bX RRi?
A111 AMi2`MiBQMH *QM72`2M+2 QM- T;2b jR8Ĝjk9- kyyjX
(R3) "2MvmM GBm- PX .Qmbb2- SX LBM- M/ .X hQrbH2vX .vMKB+ +Qp2`;2 Q7
KQ#BH2 b2MbQ` M2irQ`FbX S`HH2H M/ .Bbi`B#mi2/ avbi2Kb- A111 h`Mb+@
iBQMb QM- k9,jyRĜjRR- kyRjX
(RN) Ji?2r GB#QrBix M/ CQb2T? X S`/BbQX S`bBiB+ KQ#BHBiv 7Q` T2`p@
bBp2 b2MbQ` M2irQ`FbX AM S`Q+22/BM;b Q7 i?2 h?B`/ BMi2`MiBQMH +QM72`2M+2
QM S2`pbBp2 *QKTmiBM;- kyy8X
(ky) :XuX E2mM;- "Q GB- M/ ZBM w?M;X h?2 BMi`mbBQM /2i2+iBQM BM KQ#BH2
b2MbQ` M2irQ`FX L2irQ`FBM;- A111f*J h`Mb+iBQMb QM- ky,RR8kĜRReR-
kyRkX
(kR) aX *?2HHTTM- sBQH2 "B- "BM J- .QM; smM- M/ *?M;[BM; smX JQ@
#BHBiv HBKBi2/ ~BT@#b2/ b2MbQ` M2irQ`Fb /2THQvK2MiX S`HH2H M/ .Bb@
i`B#mi2/ avbi2Kb- A111 h`Mb+iBQMb QM- R3,RNNĜkRR- kyydX
(kk) :mBHBM; qM;- :mQ?QM; *Q- M/ hQK G SQ`iX JQp2K2Mi@bbBbi2/
b2MbQ` /2THQvK2MiX JQ#BH2 *QKTmiBM;- A111 h`Mb+iBQMb QM- 8,e9yĜe8k-
kyyeX
(kj) XX aQKbmM/`- X EMbH- .X.X C2- .X 1bi`BM- M/ JX"X a`BpbipX
*QMi`QHH#Hv KQ#BH2 BM7`bi`m+im`2 7Q` HQr 2M2`;v 2K#2//2/ M2irQ`FbX JQ@
#BH2 *QKTmiBM;- A111 h`Mb+iBQMb QM- 8,N83ĜNdj- kyyeX
(k9) 6X 1H@JQmF//2K- 1X hQ`M;- :mQHBM; sBM;- 1X hQ`M;- :X sBM;- M/
:X sBM;X JQ#BH2 `2Hv +QM};m`iBQM BM /i@BMi2MbBp2 rB`2H2bb b2MbQ` M2i@
rQ`FbX JQ#BH2 *QKTmiBM;- A111 h`Mb+iBQMb QM- Rk,keRĜkdj- kyRjX
(k8) :mQHBM; sBM;- JBMKBM; GB- hBM qM;- q2BDB CB- M/ CmM >mM;X 1{@
+B2Mi `2M/2xpQmb H;Q`Bi?Kb 7Q` KQ#BHBiv@2M#H2/ rB`2H2bb b2MbQ` M2irQ`FbX
JQ#BH2 *QKTmiBM;- A111 h`Mb+iBQMb QM- RR,9dĜey- kyRkX
(ke) E`i?BF .Mim- JQ?KK/ _?BKB- >`/BF a??- aM/22T "#2H- KBi
.?`BrH- M/ :m`p aX amF?iK2X _Q#QKQi2, 2M#HBM; KQ#BHBiv BM
R8
b2MbQ` M2irQ`FbX AM S`Q+22/BM;b Q7 i?2 9i? BMi2`MiBQMH bvKTQbBmK QM
AM7Q`KiBQM T`Q+2bbBM; BM b2MbQ` M2irQ`Fb- kyy8X
(kd) :mM;KBM; aQM;- uQtBM w?Qm- w?B;M; q2B- M/ B;mQ aQM;X  bK`i
MQ/2 `+?Bi2+im`2 7Q` //BM; KQ#BHBiv iQ rB`2H2bb b2MbQ` M2irQ`FbX a2MbQ`b
M/ +imiQ`b , S?vbB+H- R9dURV,kRe Ĝ kkR- kyy3X
(k3) 6XCX *BMi`QM- EX SQM;HBm`- Jii qX JmiF- GB sBQ- CBM;mQ w?Q- M/
LBM; sBX G2p2`;BM; ?2B;?i BM  DmKTBM; b2MbQ` M2irQ`F iQ 2ti2M/ M2irQ`F
+Qp2`;2X qB`2H2bb *QKKmMB+iBQMb- A111 h`Mb+iBQMb QM- RR,R39yĜ
R39N- kyRkX
(kN) uM; qM; EQF@J2M; G22 a?Q?mB 6QQM; .T2M; w?m- ZmM[mM ZBX
 T`QiQivT2 KQ#BH2 b2MbQ` M2irQ`F 7Q` bi`m+im`H ?2Hi? KQMBiQ`BM;X AM
S`Q+X aSA1 dkN9- LQM/2bi`m+iBp2 *?`+i2`BxiBQM 7Q` *QKTQbBi2 Ji2`B@
Hb- 2`QbT+2 1M;BM22`BM;- *BpBH AM7`bi`m+im`2- M/ >QK2HM/ a2+m`Biv-
kyyNX
(jy) :mM;KBM; aQM;- sBQ72M; u2- uMT2M; LBm- M/ hBM?m J2M;X 1M@
pB`QMK2MiH b+B2M+2 M/ BM7Q`KiBQM TTHB+iBQM i2+?MQHQ;v U2bBiV- kyRy
BMi2`MiBQMH +QM72`2M+2 QMX AM  `2+QM};m`#H2 KQ#BH2 MQ/2 7Q` rB`2H2bb
b2MbQ` M2irQ`Fb BM mM7`B2M/Hv 2MpB`QMK2Mib- kyRyX
(jR) >mB qM;- :mM;KBM; aQM;- CmM w?M;- M/ hBM?m J2M;X  #BQ@
BMbTB`2/ DmKTBM; `Q#Qi 7Q` KQ#BH2 b2MbQ` M2irQ`Fb Qp2` `Qm;? i2``BMX
AM uBM; w?M;- 2/BiQ`- 6mim`2 *QKKmMB+iBQM- *QKTmiBM;- *QMi`QH M/
JM;2K2Mi- pQHmK2 R9k Q7 G2+im`2 LQi2b BM 1H2+i`B+H 1M;BM22`BM;- T;2b
8dĜekX aT`BM;2` "2`HBM >2B/2H#2`;- kyRkX
(jk) E`i?BF .Mim- "`vM Ei2- CbQM qi2`KM- S2i2` "BHBb- M/ Jii
q2Hb?X S`Q;`KKBM; KB+`Q@2`BH p2?B+H2 br`Kb rBi? F`KX AM S`Q+22/@
BM;b Q7 i?2 Ni? *J *QM72`2M+2 QM 1K#2//2/ L2irQ`F2/ a2MbQ` avbi2Kb-
kyRRX
(jj) hbmM;@i2 Uh2/V GB- um@?M UhBzMvV *?2M- SQHHv >mM;- M/ >Q@?m
*?mX SBT2T`Q#2,  KQ#BH2 b2MbQ` /`QTH2i 7Q` KTTBM; ?B//2M TBT2HBM2X AM
S`Q+22/BM;b Q7 i?2 3i? *J *QM72`2M+2 QM 1K#2//2/ L2irQ`F2/ a2MbQ`
avbi2Kb- kyRyX
(j9) CB GmQ- .M qM;- M/ ZBM w?M;X PM i?2 /Qm#H2 KQ#BHBiv T`Q#H2K
7Q` ri2` bm`7+2 +Qp2`;2 rBi? KQ#BH2 b2MbQ` M2irQ`FbX S`HH2H M/ .Bb@
i`B#mi2/ avbi2Kb- A111 h`Mb+iBQMb QM- kj,R9eĜR8N- kyRkX
(j8) :?M;@a2QT ?M- JB`+Q JmbQH2bB- >QM; Gm- _2x PH7iB@a#2`- M/ M@
/`2rhX *KT#2HHX J2i`Qi`+F, S`2/B+iBp2 i`+FBM; Q7 KQ#BH2 2p2Mib mbBM;
KQ#BH2 T?QM2bX AM _DKQ?M _D`KM- h?QKb JQb+B#`Q/- /K
Re
.mMF2Hb- M/ MM a+;HBQM2- 2/BiQ`b- .Bbi`B#mi2/ *QKTmiBM; BM a2MbQ`
avbi2Kb- G2+im`2 LQi2b BM *QKTmi2` a+B2M+2X aT`BM;2` "2`HBM >2B/2H#2`;-
kyRyX
(je) CFQ# 1`BFbbQM- G2rBb :B`Q/- "`2i >mHH- _vM L2riQM- aKm2H J//2M-
M/ >`B "HF`Bb?MMX h?2 TQi?QH2 Ti`QH, mbBM;  KQ#BH2 b2MbQ` M2i@
rQ`F 7Q` `Q/ bm`7+2 KQMBiQ`BM;X AM S`Q+22/BM;b Q7 i?2 ei? BMi2`MiBQMH
+QM72`2M+2 QM JQ#BH2 bvbi2Kb- TTHB+iBQMb- M/ b2`pB+2b- kyy3X
Rd
R3
*?Ti2` k
h2+?MQ@1+QMQKB+
1pHmiBQM Q7 JQ#BH2 LQ/2
liBHBiv
kXR AMi`Q/m+iBQM
b 2H#Q`i2/ BM *?Ti2` R- ?B;? KMm7+im`BM; +Qbi M/ QT2`iBQMH +Qbi `2
irQ KDQ` HBKBiiBQMb +Bi2/ 7Q` mb#BHBiv Q7 KQ#BH2 MQ/2b BM rB`2H2bb b2MbQ` M2i@
rQ`Fb UqaLbVX h?Bb +?Ti2` T`2b2Mib  +Qbi #2M2}i MHvbBb 7Q` +QKT`BM; i?2
miBHBiv Q7 biiB+ M/ KQ#BH2 MQ/2b BM qaLbX "b2/ QM i?2 MHvbBb- Bi Bb /2i2`@
KBM2/ r?2i?2` i?2 7Q`2bB/ bii2K2Mi i?i Bb ?QH/BM; #+F i?2 TQbbB#H2 miBHBiv
Q7 KQ#BH2 MQ/2b BM b2MbQ` M2irQ`Fb /m2 iQ ?B;? KMm7+im`BM; M/ QT2`iBQMH
+Qbi Bb DmbiB}#H2 Q` MQiX h?2 +Qbi #2M2}i MHvbBb M2+2bbBii2b KQM2iBxBM;
HH `2H2pMi +Qbib 7Q` i?2 +QKT`BbQM- i?Bb +?Ti2` /Bb+mbb2b MQp2H ;2QK2i`B+
KQ/2Hb i?i `2T`2b2Mi i?2 7mM+iBQMHBiB2b iQ #2 mM/2`iF2M #v KQ#BH2 MQ/2b 7Q`
/2i2`KBMBM; i?2 TTHB+#H2 2+QMQKB+ +QbiX ++Q`/BM;Hv- Bi Bb +2Mi`2/ `QmM/
//`2bbBM; T`BK`BHv +QMbi`BMi R bii2/ BM i?2 T`Q#H2K /2}MBiBQM Ua2+iBQM RX9V
Q7 i?Bb i?2bBbX
kXk _2Hi2/ qQ`F
hQ i?2 #2bi Q7 i?2 FMQrH2/;2 Q7 i?2 mi?Q` i?2`2 ?b #22M MQ rQ`F BM r?B+?
miBHBiv Q7 KQ#BH2 MQ/2b BM qaLb ?b #22M 2pHmi2/X 1+QMQKB+ 72bB#BHBiv Q7
/2THQvBM;  biiB+ b2MbQ` M2irQ`F iQ rQ`F b  T`FBM; KQMBiQ`BM; bvbi2K ?b
#22M T`QTQb2/ #v mi?Q`b BM (R)X h2+?MQ@2+QMQKB+ 2pHmiBQMb ?p2 #22M +`@
`B2/ Qmi 7Q` ++2bb M2irQ`F i2+?MQHQ;B2b M/ `+?Bi2+im`2 (k)X h2+?MQ@2+QMQKB+
RN
2pHmiBQM Q7 ++2bb M2irQ`Fb i2+?MQHQ;B2b 7Q` 6BqB M2irQ`Fb +QKT`BM; #2@
ir22M qBJt M/ 1SPL ?b #22M T`2b2Mi2/ BM (j)X ++2bb M2irQ`Fb BMpQHp2
?B;? BM7`bi`m+im`2 +Qbi M/ i?Bb DmbiB}2b 2pHmiBM; i?2 /2bB;M Q7 ++2bb M2i@
rQ`Fb QM M 2+QMQKB+ #bBb- HbQ 2+QMQKB+ MHvbBb Bb 2bB2` iQ +``v Qmi b
i?2 TTHB+#H2 +Qbi M/ #2M2}i HBF2Hv iQ #2 `2T2/ +M #2 KQM2iBx2/- UBX2X-
`2T`2b2Mi2/ BM KQM2i`v i2`KbV +QMp2MB2MiHv (9)X h2+?MQ@2+QMQKB+ 72bB#BH@
Biv 7`K2rQ`F iQ 2pHmi2 miBHBiv Q7 AMi2`M2i T`QiQ+QHb /2p2HQT2/ #v AMi2`M2i
1M;BM22`BM; hbF 6Q`+2 iQ /2i2`KBM2 i?2 TQi2MiBH BM+2MiBp2b 7Q` /QTiBM; 
;Bp2M T`QiQ+QH ?b #22M T`2b2Mi2/ BM (8)X h2+?MQ@2+QMQKB+ bT2+ib +QM+2`MBM;
+Q;MBiBp2 `/BQ `2;mHiQ`v M/ TQHB+v bT2+ib ?b #22M T`2b2Mi2/ BM (e)X
h?2 +Qbib ;Qp2`MBM; i?2 TQbbB#H2 miBHBiv Q7 KQ#BH2 MQ/2b `2 MQi 2bv iQ
KQM2iBx2X h?Bb +M #2 DmbiB}2/ b i?2 `2bQM 7Q` MQ 2tBbi2Mi i2+?MQ@2+QMQKB+
2pHmiBQM Q7 i?2B` miBHBiv BM qaLbX h?2 +QKT`BbQM Q7 `2Hi2/ rQ`Fb rBi? i?2
T`2b2Mi2/ +QMi`B#miBQM ?p2 #22M bmKK`Bx2/ BM i?2 h#H2 kXRX
h#H2 kXR, *QKT`BbQM Q7 `2Hi2/ rQ`Fb M/ T`2b2Mi2/ +QMi`B#miBQM
6+iQ`b
:2QK2i`B+
KQ/2Hb
h2+?MQ 2+Q@
MQKB+ 2pHm@
iBQM
*QHH2+iBp2Hv
+QMbB/2`BM;
+QKKmMB+@
iBQM +Qbi M/
`2HQ+iBQM
+Qbi
HH 7mM+iBQM@
HBiB2b Q7 KQ@
#BH2 MQ/2b
S`FBM; b2MbQ` M2i@
rQ`F (R) ×   ×
*QKT`BbQM ++2bb
M2irQ`Fb M/ i?2
BM7`bi`m+im`2 (k)
×  × ×
++2bb M2irQ`Fb @
qBJt M/ 1SPL
(j)
×  × ×
liBHBiv Q7 AMi2`M2i
T`QiQ+QHb (8) ×  × ×
*Q;MBiBp2 `/BQ
`2;mHiQ`v TQHB+v
(e)
×  × ×
ky
h2+?MQ@1+QMQKB+ JQ/2HBM;
h2+?MQ@2+QMQKB+ KQ/2HBM; Bb  K2i?Q/ mb2/ 7Q` 2pHmiBQM Q7 2+QMQKB+ 72@
bB#BHBiv Q7 +QKTH2t i2+?MB+H bvbi2Kb (d)X Ai +M ?2HT /2i2`KBM2 i?2 TQi2MiBH
2+QMQKB+ pB#BHBiv Q7  T`Q+2bb Q` i2+?MQHQ;v- M/ mb2/ iQ /2i2`KBM2 i2+?@
MQHQ;B2b i?i ?p2 i?2 ?B;?2bi HBF2HB?QQ/ Q7 2+QMQKB+ bm++2bbX h?2 2+QMQKB+
+QKT2iBiBp2M2bb Q7  i2+?MQHQ;v Bb bb2bb2/ #v 2pHmiBM; Bib BKTH2K2MiiBQM
+Qbib 7Q`  ;Bp2M T`Q+2bb +QKT`2/ iQ i?2 +Qbib BM+m``2/ #v +m``2Mi i2+?MQHQ;vX
 MmK#2` Q7 K2i?Q/b i?i `2 mb2/ BM i?2 KQ/2HBM; iQ /2i2`KBM2 2+QMQKB+
pB#BHBiv BM+Hm/2, i`2M/ MHvbBb- 2tT2`i QTBMBQM- +Qbi #2M2}i MHvbBb U*"V-
+b? ~Qr- M/ T`Q+2bb KQ/2HBM;X h2+?MQ@2+QMQKB+ KQ/2HBM; Bb KQbiHv mb2/
BM `2b Q7 TQr2` ;2M2`iBQM M/ #BQi2+?MQHQ;vX "b2/ QM /2`Bp2/ +Qbib M/
HBF2Hv #2M2}ib 7`QK i?2 i2+?MQ@2+QMQKB+ KQ/2HBM;- p`BQmb BM/B+iQ`b `2 mb2/
iQ Dm/;2 i?2 T`Q}i#BHBiv HBF2Hv 7`QK i?2 T`Q+2bb f T`QD2+ib- 2X;X- M2i T`2b2Mi
pHm2 ULSoV M/ BMi2`MH `i2 Q7 `2im`M UA__V (d)X
*Qbi "2M2}i MHvbBb
*" +M #2 miBHBx2/ iQ /2i2`KBM2 i?2 Qmi+QK2 Q7  T`Q;`K Q` TQHB+v #v
2tT`2bbBM; i?2 TTHB+#H2 +Qbi M/ HBF2Hv #2M2}i iQ #2 ;`M2`2/ `2T`2b2Mi2/
BM KQM2i`v i2`KbX h?2 +Qbib +M ;2M2`HHv #2 bTHBi BMiQ +TBiH 2tT2M/B@
im`2 U*S1sV M/ QT2`iBQMH 2tT2M/Bim`2 UPS1sVX aBKBH` iQ *" i?2`2
Bb +Qbi 2z2+iBp2M2bb MHvbBb U*1VX h?2 /Bz2`2M+2 #2ir22M *" M/ *1
Bb i?i BM *1 QMHv +Qbib `2 KQM2iBx2/- #2M2}ib `2 MQi iF2M BMiQ ++QmMiX
h2+?MB+H HBKBiiBQM Q7 miBHBxBM; i?2 *" Bb i?i HH bT2+ib `2H2pMi iQ i?2
T`QD2+ifT`Q+2bb b?QmH/ #2 [mMiB}2/ @ KQM2iBx2/X JDQ` bi2Tb BM  *" `2@
[mB`2 i?2 /2i2`KBMiBQM Q7 i?2 #2M2}ib M/ +Qbib UKQM2iBx2/V- +QKTmiiBQM Q7
LSo- b2MbBiBpBiv MHvbBb- M/ `2+QKK2M/iBQM #b2/ QM i?2 Qp2`HH MHvbBb
(9)X *" Bb 2KTHQv2/ ?2`2 iQ 2pHmi2 i?2 mb2 Q7 KQ#BH2 MQ/2b BM i?2 M2irQ`F iQ
+QKTH2i2  +2`iBM 7mM+iBQMHBiv- +QKT`2/ iQ biiB+ MQ/2bX JMm7+im`BM; +Qbi
Q7 KQ#BH2 MQ/2b Bb +QMbB/2`2/ b *S1s- +QKTH2iBM;  +2`iBM 7mM+iBQMHBiv
rBi?BM i?2 M2irQ`FX PS1s Q7 KQ#BH2 MQ/2b +QKT`Bb2b 2M2`;v +QMbmKTiBQM 7Q`
MpB;iBQM- M/ +QKKmMB+iBQM Qp2`?2/ 7Q` +QQ`/BMiBM; i?2 MpB;iBQMX "2M@
2}i Q7 mbBM; KQ#BH2 MQ/2b BM  M2irQ`F BMimBiBp2Hv /2T2M/b QM i?2 7mM+iBQMHBiv
Bi +M +QKTH2i2 BM +QKT`BbQM rBi? biiB+ MQ/2bX AM i?2 *"- /2THQvK2Mi +Qbi
Q7 i?2 M2irQ`F ?b MQi #22M iF2M BMiQ ++QmMi- #b2/ QM i?2 +QMbB/2`iBQM i?i
i?2`2 rQmH/ #2 MQ /Bz2`2M+2 #2ir22M /2THQvBM;  biiB+ MQ/2 Q`  KQ#BH2 MQ/2X
aBKBH`Hv- i?2 +Qbi 7Q` +QHH2+iBM; i?2 MQ/2b 7i2` i?2 /2THQvK2Mi Q#D2+iBp2 Bb +@
+QKTHBb?2/ ?b MQi #22M +QMbB/2`2/ b Bb i?2 2MpB`QMK2MiH /K;2 i?2 MQ/2b
+mb2 iQ i?2 2MpB`QMK2Mi (3)X AM+HmbBQM Q7 i?2b2 +Qbib +M #2 bm;;2biB#H2 7mim`2
rQ`F BM `2;`/ iQ 2+QMQKB+ 72bB#BHBiv Q7 b2MbQ` M2irQ`FbX :2QK2i`B+ KQ/2Hb
?p2 #22M T`QTQb2/ i?i KQ/2H i?2 7mM+iBQMHBiv 7Q` r?B+? KQ#BH2 MQ/2b `2
kR
mb2/ BM i?2 M2irQ`F 7Q` /2i2`KBMiBQM Q7 PS1s BM+m``2/- M/ `2 /Bb+mbb2/ BM
bm#b2[m2Mi b2+iBQMbX
kXj :2QK2i`B+ JQ/2H iQ _2T`2b2Mi L2irQ`F
6mM+iBQMHBiv
b bii2/ 2`HB2`- i?2 +Qbi Q7 +QKTH2iBM;  7mM+iBQMHBiv UPS1sV /2T2M/b QM
i?2 iQiH /BbiM+2 KQp2/ #v i?2 KQ#BH2 MQ/2 M/ i?2 +QKKmMB+iBQM ?2H/ rBi?
Qi?2` MQ/2b 7Q` +QQ`/BMiBM; i?2 MpB;iBQMX o`BQmb 7mM+iBQMHBiv rBi?BM i?2
M2irQ`F 7Q` r?B+? KQ#BH2 MQ/2b +M #2 mb2/ BM i?2 M2irQ`F `2, +Qp2`;2 BK@
T`Qp2K2Mi- M2irQ`F HB72iBK2 b, KQ#BH2 #b2 biiBQM U"aV- KQ#BH2 `2Hv- M/
/i KmH2X Ai rQmH/ #2 7B` iQ bv i?i Qi?2` M2irQ`F 7mM+iBQMHBiv 7Q` r?B+?
KQ#BH2 MQ/2 +M #2 mb2/ BM i?2 M2irQ`F- BX2X- +Hmbi2`BM; M/ M2irQ`F +QMM2+@
iBpBiv `2 bm#@bT2+ib Q7 7Q`2bB/ 7mM+iBQMHBiB2b- M/ i?2`27Q`2 i?2 T`QTQb2/
;2QK2i`B+ KQ/2Hb `2 bm{+B2Mi iQ KQ/2H TQbbB#H2 7mM+iBQMHBiB2b Q7 KQ#BH2 MQ/2b
BM qaLbX h?2 QMHv 7mM+iBQMHBiv i?i +M MQi #2 KQ/2H2/ #v  ;2QK2i`B+ b?T2
Bb KQ#BH2 i`;2i +Qp2`;2X h?2 bBx2 Q7 ;2QK2i`B+ KQ/2H BM~m2M+2b PS1s UMQ/2
KQ#BHBiv M/ +QKKmMB+iBQM +QbiV 7Q` KQ#BH2 MQ/2b iQ +QKTH2i2 i?2 7mM+iBQM@
HBivX h?2 KQ#BH2 MQ/2b ++QKTHBb? i?2 Q#D2+iBp2 Q7 `2HQ+iBM; B7 Bi `2HQ+i2b
iQ Mv TQBMi rBi?BM i?2 ;2QK2i`B+ b?T2 BM+Hm/BM; Bib T2`BK2i2`X h?2 KQ#BH2
MQ/2b T2`7Q`K  +2`iBM 7mM+iBQMHBiv KmHiBTH2 iBK2b Qp2` Bib HB72iBK2-  bBM;H2
BMbiM+2 Q7 Bi Bb `272``2/ b 7mM+iBQMHBiv `QmM/ U6_VX
kX9 "2M2}i Q7 lbBM; JQ#BH2 LQ/2b
b bii2/ 2`HB2` i?2 #2M2}i Q7 mbBM; KQ#BH2 MQ/2b BM  M2irQ`F /2T2M/b QM
i?2 7mM+iBQMHBiv Bi +M +QKTH2i2 +QKT`2/ rBi? i?2 mb2 Q7 biiB+ MQ/2b iQ
++QKTHBb? i?2 bK2X Ai Bb bii2/ BM (N) i?i biiB+ MQ/2b ?p2 iQ #2 Qp2`@
TQbBiBQM2/ iQ +QKTH2i2 i?2 /2THQvK2Mi Q#D2+iBp2- +QKT`2/ rBi?  M2irQ`F
?pBM; ?v#`B/ /2THQvK2Mi UbiiB+ MQ/2b Y KQ#BH2 MQ/2bVX h?2 /2MbBiv Q7 biiB+
MQ/2b i?i `2 `2[mB`2/ iQ ;m`Mi22 F@+Qp2`;2 `2 /2`Bp2/ b 7QHHQrb,
λ = HQ; 2 + (k + 2) HQ; HQ; 2 + c() UkXRV
c() → +∞ as  → +∞ UkXkV
c() = o(HQ; 2) UkXjV
h?2 /2MbBiv Q7 MQ/2b `2[mB`2/ 7Q`  ?v#`B/ /2THQvK2Mi Bb,
λ = 2πk +
√
2πk UkX9V
AM i?2 #Qp2 2[miBQM λ `2T`2b2Mib i?2 /2MbBiv Q7 MQ/2b- M/  `2T`2b2Mib i?2
H2M;i? Q7 i?2 `2 Q7 BMi2`2bi UQAVX "b2/ QM i?2 2[miBQMb- //BiBQMH biiB+
MQ/2b `2[mB`2/ B7 i?2`2 `2 MQ KQ#BH2 MQ/2b- `2 i?2 /Bz2`2M+2 Q7 UkXRV M/
kk
UkX9VX 1[miBQM UkXjV ?QH/b 7Q` HH TQbBiBp2 +QMbiMi r?B+? Bb ε- b i?2 TTHB+#H2
+QM/BiBQM Q7 HBiiH2 Q MQiiBQM- ?2`2 r2 +QMbB/2`2/ Bi b RX *QMbB/2`BM; i?2 H2M;i?
Q7 i?2 `2 UV iQ #2 Ryy M/ F b QM2 UQMHv QM2 MQ/2 iQ +Qp2`  ;Bp2M TQBMi BM
i?2 QA- /2`Bp2/ /Bz2`2M+2 BM /2MbBiv `2[mB`2K2Mi Bb 8X9N  8X h?Bb /2`BpiBQM
Bb HbQ +QKTH2K2Mi2/ #v i?2 Q#b2`piBQM bii2/ BM (Ry) iQ iiBM 7mHH +Qp2`;2
7Q`  `2;BQM r?2M HH MQ/2b +M KQp2 mM+QM/BiBQMHHv- M/ 7Q`  /2THQvK2Mi
rBi? QMHv biiB+ MQ/2b BM i?2 M2irQ`FX h?2 MmK#2` Q7 MQ/2b `2[mB`2/ `2 Ryy
M/ 93y `2bT2+iBp2Hv BX2 ≈ R,8X .Bz2`2M+2 BM KMm7+im`BM; +Qbi U*S1sV Q7
KQ#BH2 MQ/2b M/ biiB+ MQ/2b BM i?Bb T`QTQ`iBQM- Bb i?2 #2M2}i Q7 mbBM; KQ#BH2
MQ/2b BM i?2 M2irQ`FX h?2 /2`BpiBQM Q7 ;2QK2i`B+ KQ/2Hb iQ /Bb+mbb i?2 p`BQmb
7mM+iBQMHBiB2b Bb /Bb+mbb2/ BM i?2 7QHHQrBM; bm#b2+iBQMbX
`2 *Qp2`;2
`2 +Qp2`;2 /2b+`B#2b ?Qr r2HH i?2 QA Bb +Qp2`2/ +QHH2+iBp2Hv #v i?2 b2MbQ`
MQ/2bX JQ#BH2 MQ/2 +M #2 `2HQ+i2/ iQ }HH  +Qp2`;2 ?QH2 `2bmHiBM; Mvr?2`2
BM i?2 M2irQ`FX  +Qp2`;2 ?QH2 Bb /2b+`B#2/ b  `2;BQM r?B+? Bb MQi mM/2` i?2
b2MbBM; +Qp2`;2 Q7 Mv b2MbQ` MQ/2- M/ Bi `2bmHib /m2 iQ BMBiBH MQM@mMB7Q`K
/2THQvK2Mi Q` /2i? Q7  MQ/2 /m`BM; i?2 HB72iBK2 Q7 i?2 M2irQ`F (RR)- (Rk)X
*Qp2`;2 ?QH2b +M #2 /2i2`KBM2/ #v mbBM; oQ`QMQB .B;`KbX h?2 T`Q+2/m`2
iQ /2i2`KBM2 +Qp2`;2 ?QH2b ?b #22M bii2/ BM (RR) mbBM; i?2 /B;`K b b?QrM
BM 6B;X kXR- r?2`2 i?2 b?/2/ `2;BQM BM i?2 };m`2 `2T`2b2Mib  +Qp2`;2 ?QH2X
`2 Q7 i?2 ?QH2 BM i?2 #Qp2 };m`2 Bb /2i2`KBM2/ b 7QHHQrb,
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^ů
Y
sϭ
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>ŝũ
W
6B;m`2 kXR, oQ`QMQB /B;`K 7Q` /2i2`KBMiBQM Q7 +Qp2`;2 ?QH2
kj
`2 +Qp2`;2 ?QH2(Si) =
likd(si, sk)
4
− xikR
2
s
2
UkX8V
q?2`2 lik Bb `2Hi2/ rBi? HBM2 b2;K2Mi V1 M/ V2 r?B+? `2 iQ #2 /2`Bp2/ #v
bQHpBM; 2[miBQMb Q7 Lik- Lij M/ Lil r?B+? `2 T2`T2M/B+mH` HBM2b +QMM2+iBM;
Si- Sk- Sj M/ Sl Ub2MbQ` MQ/2bV `2bT2+iBp2HvX xik Bb /2i2`KBM2/ #v i?2 +QbBM2
`mH2 QM+2 7Q`2bB/ HBM2 2[miBQMb `2 /2i2`KBM2/X h?2 i2`K d(si, sk) +M #2
b72Hv bbmK2/ iQ #2 i?2 i`MbKBbbBQM /BbiM+2 #2ir22M i?2 b2MbQ` MQ/2bX aBM+2
i?2 HBM2 2[miBQMb +MMQi #2 /2i2`KBM2/ mMH2bb HH i?2 /2THQvK2Mi /2iBHb `2
FMQrM- i?2 +Qp2`;2 ?QH2 `2 +MMQi #2 +H+mHi2/ mbBM; UkX8VX Ai Bb HbQ bii2/
BM (RR) M/ (Rk) i?i KQ#BH2 MQ/2 `2HQ+iBQM b?QmH/ QMHv iF2 TH+2 r?2M i?2
+Qp2`;2 ?QH2 bBx2 Bb H`;2` i?M  i?`2b?QH/ ;Bp2M #v ρπR2s- r?2`2 (0 < ρ ≤ 1)X
h?Bb Bb +QMbB/2`2/ 7Q` /2i2`KBMBM; i?2 7mM+iBQMHBiv `2 UbBx2VX h?i Bb d8 m2
7Q` `2 +Qp2`;2@7mM+iBQMHBiv- +QMbB/2`BM; ρ 4 1(max) M/ b2MbBM; `/Bmb URsV
b 8 K M/ +QKKmMB+iBQM `/Bmb URcV Bb +QMbB/2`2/ b 2Rs- BX2X- Ry KX h?2
bK2 pHm2 7Q` Rs M/ Rc `2 mb2/ 7Q` /2i2`KBMBM; bBx2 Q7 ;2QK2i`B+ KQ/2Hb iQ
`2T`2b2Mi Qi?2` 7mM+iBQMHBiB2bX
JQ#BH2 _2Hv f "a f .i JmH2
JQ#BH2 `2Hvf"af /i KmH2 +M2 bbBbi i?2 M2irQ`F QT2`iBQMb #v `2HQ+iBM;
rBi?BM i?2 M2irQ`F iQ bbBbi MQ/2b BM i?2B` /i +QKKmMB+iBQM- M/ bbBbi
BM 2M?M+BM; i?2 M2irQ`F HB72iBK2X JQ#BH2 MQ/2b `2 M2+2bbBii2/ iQ #2 `2TQ@
bBiBQM2/ rBi?BM +QKKmMB+iBQM `M;2 URcV Q7 i?2 MQ/2 i?i Bb iQ #2 bbBbi2/
UKQ#BH2 `2HvV Q` 7`QK r?B+? i?2 /i Bb iQ #2 +QHH2+i2/ UKQ#BH2 "af/i KmH2VX
AM Q`/2` iQ ++QKTHBb? i?2b2 7mM+iBQMHBiB2b- KQ#BH2 MQ/2b 7QHHQr  Ti? M/
i`p2`b2 `QmM/ i?2 M2irQ`F- b b?QrM BM 6B;X kXk- B7 i?2 KQ#BH2 MQ/2 ?b
iQ +QHH2+i /i 7`QK MQ/2 " Q` `2HQ+i2 Bib2H7 BM Bib pB+BMBiv iQ `2Hv KmHiB@
?QT i`{+- M/ Bi Bb TT`Q+?BM; Bi 7`QK MQ/2 X h?2`27Q`2- B7 MQ/2 " Bb BM
+QKKmMB+iBQM `M;2 Q7 i?2 KQ#BH2 `2Hv f "a (Rc) 7mM+iBQMHBiv Q#D2+iBp2 Bb
++QKTHBb?2/X h?2`2 +M #2 p`BiBQM BM i?2 +imH Ti? mM/2`iF2M #v i?2
KQ#BH2 MQ/2 b b?QrM #v i?2 TQbbB#H2 Ti?b #b2/ QM i?2 pBH#BHBiv Q7 rv@
TQBMibX Ai +M #2 b72Hv bbmK2/ i?i i?2 TQbbB#H2 rB/i? r?BH2 i`p2`bBM; 7`QK
QM2 MQ/2 iQ MQi?2` MQ/2 rQmH/ #2 ≤ RsX h?2 +imH `Qmi2 /QTi2/ #v i?2
KQ#BH2 MQ/2 +M p`v- b b?QrM BM i?2 };m`2X h?2 ;2QK2i`B+ KQ/2H iQ `2T`2b2Mi
i?Bb 7mM+iBQMHBiv Bb  `2+iM;H2 Q7 bBx2,
Rc ×Rs = 50m2 UkXeV
h`;2i *Qp2`;2
Ai Bb bii2/ BM (Rj) i?i r?2M  MQ/2 ?b iQ i`MbKBi BM7Q`KiBQM iQ bQK2
/2biBMiBQM Bi rBHH HQQF 7Q`  M2B;?#Q` BM i?2 /2biBMiBQM /B`2+iBQM rBi?BM 
b2+iQ` M;H2 θ b b?QrM BM 6B;X kXj- M/ bm#b2[m2MiHv i?i M2B;?#Q` rBHH HQQF
7Q`  M2B;?#Qm` BM  b2+iQ` `2;BQM BM /B`2+iBQM Q7 i?2 /2biBMiBQM- i?2`2#v 7Q`KBM;
k9
$SSUR[LPDWH 3RVVLEOH 3DWKV RI
0RELOH 5HOD\ %DVH 6WDWLRQ
6HQVRU QRGHV  'DWD FROOHFWLRQ QRGHV
$
%
%
5F
5V
6B;m`2 kXk, SQbbB#H2 KQ#BH2 `2Hv f "a Ti? BM M2irQ`F HvQmi M/ ;2QK2i`B+
KQ/2H `2T`2b2MiBM; 7mM+iBQMHBiv
 KmHiB@?QT `Qmi2X "b2/ QM i?Bb Bi Bb BM72``2/ i?i KQ#BH2 MQ/2b HQQF 7Q` i?2
i`;2i rBi?BM  bBKBH` b2+iQ` `2;BQM r?2M i?2 /BbiM+2 iQ i?2 i`;2i (Dt) ≤ Rs-
b b?QrM BM 6B;X kX9X h?2 TQbbB#H2 M;H2 θ ?b #22M +QMbB/2`2/ b 90◦ b i?i
ș
ș
ș
ș
șL
șL
șL
șL
ș
șL
1H[W KRS QHLJKERUV LQ GLUHFWLRQ RI GHVWLQDWLRQ
6HFWRU DQJOHSUREDEOH WR ILQG QHLJKERU
6HFWRU DQJOH DFWXDO WR QHLJKERU
6B;m`2 kXj, LQ/2 HQQFBM; 7Q`  M2B;?#Q` BM  b2+iQ` `2;BQM iQr`/b i?2 /2biB@
MiBQM
k8
5V
0RELOH QRGH MXVW EHIRUH
5V!'W
3UREDEOH VHFWRU UHJLRQ RI PRELOH QRGH
'W5V
7DUJHW
șL
6B;m`2 kX9, :2QK2i`B+ KQ/2H 7Q` i`;2i +Qp2`;2 7mM+iBQMHBiv
Bb i?2 KtBKmK 72bB#H2 b2+iQ` M;H2- M/ i?2 bBx2 Q7 i?2 ;2QK2i`B+ KQ/2H iQ
`2T`2b2Mi i?2 7mM+iBQMHBiv Bb /2`Bp2/ b,
θ
360
πR2s = 19.62m
2 UkXdV
"``B2` *Qp2`;2
AM i?2 #``B2` +Qp2`;2- 7mM+iBQMHBiv KQ#BH2 MQ/2b `2 `2[mB`2/ iQ `2HQ+i2 iQ
}HH BM Mv ;Tb BM i?2 #``B2`- iQ T`2p2Mi  TQbbB#H2 BMi`m/2` mM/2i2+i2/ +`Qbb@
BM; i?2 #``B2` `2;BQMX "``B2` +Qp2`;2 rBi? /2i2`KBMBbiB+ M/ MQM@mMB7Q`K
/2THQvK2Mi Bb b?QrM BM 6B;X kX8X Ai +M #2 Q#b2`p2/ i?i BM i?2 MQM@mMB7Q`K
/2THQvK2Mi i?2 MQ/2b ?p2 iQ Qp2`HT iQ 2Mbm`2 #``B2` T`Qi2+iBQM M/ iQiH
MQ/2b `2[mB`2/ `2 KQ`2X h?2 7mM+iBQMHBiv `2 Bb KQ/2H2/ #b2/ QM i?2 /2@
bB`#H2 `2 rBi?BM r?B+? KQ#BH2 MQ/2b b?QmH/ `2HQ+i2X b +M #2 Q#b2`p2/ BM
6B;X kXe- i?2 MQ/2 +M KQp2 iQ M 2ti2Mi H27ir`/ Q` `B;?ir`/ UwV M/ mTr`/
Q` /QrMr`/ Ulu M/ ldV rBi? `272`2M+2 iQ i?2 M2B;?#Q`BM; MQ/2b BM i?2 #``B2`
`2;BQMX
h?2 KtBKmK KQp2K2Mi BM mTr`/ UluV M/ /QrMr`/ UldV rBHH ?TT2M
iBHH i?2 TQBMi i?2 KQ#BH2 MQ/2 ?b  KtBKmK /BbiM+2 2Rs rBi? i?2 M2B;?#Q`
MQ/2X h?2 BMBiBH /BbiM+2 #2ir22M MQ/2b Bb 9Xd8 U< RsV rBi? Qp2`HT yXk8 KX
h?2 i2`K lu Bb /2i2`KBM2/ #v Svi?;Q`b h?2Q`2K b 3X3 KX *QMbB/2`BM; i?i
 MQ/2 +M ?p2  KtBKmK Qp2`HT Q7 kyW- BX2X- R K Uw4R KV- i?2 bBx2 Q7 i?2
7mM+iBQMHBiv ;2QK2i`B+ KQ/2H Bb ;Bp2M b,
(lu + ld)× w = 17.60m2 UkX3V
ke
,QWUXGHU SDWK
9DFDQW VSDFH
IRU PRELOH
QRGH WR ILOO
6B;m`2 kX8, "``B2` +Qp2`;2 BV .2i2`KBMBbiB+ BBV LQM@mMB7Q`K- TQbbB#H2 BMi`m/2`
2b+T2 `Qmi2
6N
6L DQG 6N DUUDQJHG EDUULHU QRGHV 6M
UHORFDWLQJ PRELOH QRGH
6M
G5F
OX
OG
6L
6M
6M
G5F
Z
6N
6B;m`2 kXe, :2QK2i`B+ KQ/2H `2T`2b2MiBM; "``B2` +Qp2`;2 7mM+iBQMHBiv
kd
kX8 PT2`iBQMH 1tT2M/Bim`2 Q7 ++QKTHBb?BM;
6mM+iBQMHBiv @ .BbiM+2
b bii2/ 2`HB2` BM a2+iBQM kXj- PS1s +QKT`Bb2b Q7 iQiH /BbiM+2 KQp2/ #v
i?2 KQ#BH2 MQ/2 iQ +QKTH2i2 i?2 7mM+iBQMHBiv M/ BM7Q`KiBQM 2t+?M;2 iQ
+QQ`/BMi2 i?2 MpB;iBQMX AM i?2 T`2pBQmb b2+iBQMb- ;2QK2i`B+ KQ/2Hb iQ `2T`2@
b2Mi i?2 7mM+iBQMHBiB2b r2`2 /2i2`KBM2/X _2HQ+iBQM Q7 KQ#BH2 MQ/2b Mvr?2`2
rBi?BM i?2 ;2QK2i`B+ KQ/2H Bb bm{+B2Mi iQ ++QKTHBb? i?2 7mM+iBQMHBivX A7 i?2
;2QK2i`B+ KQ/2Hb /2`Bp2/ 7Q` p`BQmb 7mM+iBQMHBiv r2`2 iQ #2 bi+F2/ QM iQT
Q7 2+? Qi?2` +QHH2+iBp2Hv- i?2v TT2` b b?QrM BM 6B;X kXdX 6`QK i?2 };m`2
Bi +M #2 Q#b2`p2/ i?i i?2 p`BQmb 7mM+iBQMHBiB2b /Bz2` bB;MB}+MiHv BM bBx2X
h?2 ;2QK2i`B+ b?T2b `2 `2/`rM BMiQ +QM+2Mi`B+ +B`+H2b rBi? i?2 bK2 bBx2 iQ
;2i  7B` +QKT`BbQM M/ `2T`2b2MiiBQM Q7 i?2 p`BQmb 7mM+iBQMHBiv 7Q` r?B+?
KQ#BH2 MQ/2b `2 mb2/X qBi? +QM+2Mi`B+ +B`+H2b M/  +QKKQM bi`iBM; TQBMi
7Q` i?2 KQ#BH2 MQ/2- i?2 /BbiM+2 iQ ++QKTHBb? i?2 7mM+iBQMHBiv Bb i?2 /BbiM+2
iQ +B`+mK72`2M+2 Q7  T`iB+mH` +B`+H2 b b?QrM BM 6B;X kX3X h?2 +QM+2Mi`B+
+B`+H2b `2 +QMbB/2`2/ iQ #2 +2Mi`2/ BM i?2 QA- bBx2 Q7 QA Bb Ryy× Ryy mX h?2
H2M;i? Q7 i?2 HBM2 DQBMBM; i?2 bi`iBM; TQBMi M/ i?2 +2Mi2` Q7 QA Bb /2`Bp2/
#v Svi?;Q`b h?2Q`2K b dyXdR mX "b2/ QM i?Bb- i?2 /BbiM+2 iQ `2+? i?2
%DUULHU FRYHUDJH
$UHD FRYHUDJH
7DUJHW FRYHUDJH
0RELOH UHOD\%6
6B;m`2 kXd, :2QK2i`B+ KQ/2H U+imHV `2T`2b2MiBM; p`BQmb 7mM+iBQMHBiv bi+F2/
iQ;2i?2`
k3
+B`+mK72`2M+2 Q7 7mM+iBQMHBiv @ `2 +Qp2`;2 Bb dyXdR @ 8 4 e8XdR K U Rs 4 8VX
aBKBH`Hv- /BbiM+2 iQ Qi?2` +B`+H2b `2T`2b2MiBM; KQ#BH2 `2Hv @ "a f /i KmH2-
i`;2i +Qp2`;2 M/ #``B2` +Qp2`;2 `2 eeX3k- e3XjR- e3X9j m `2bT2+iBp2HvX
kXe PT2`iBQMH 1tT2M/Bim`2 Q7 ++QKTHBb?BM;
6mM+iBQMHBiv @ *QKKmMB+iBQM
JQ#BH2 MQ/2b `2 `2[mB`2/ iQ 2t+?M;2 BM7Q`KiBQM rBi? Qi?2` MQ/2b BM i?2
M2irQ`F 7Q` +QQ`/BMiBM; Bib KQp2K2Mi iQ i?2 7mM+iBQMHBiv `2X AMimBiBp2Hv-
+QKKmMB+iBQM +Qbi Bb BMp2`b2Hv `2Hi2/ rBi? i?2 7mM+iBQMHBiv `2- +QMbB/2`BM;
i?2 7+i i?i Bi Bb ?`/2` iQ `2HQ+i2 BMiQ  bKHH `2 i?M  H`;2 `2X h?Bb
Bb `2T`2b2Mi2/ b i?2 +QKTH2tBiv 7+iQ` Q7 ++QKTHBb?BM; i?2 7mM+iBQMHBiv- b
/2`Bp2/ BM 2[miBQM UjXNVX Ai Bb bmKK`Bx2/ BM h#H2 kXk HQM; rBi? 7mM+iBQMHBiv
`2 M/ TTHB+#H2 /BbiM+2X
1
7mM+iBQMHBiv `2
× bBx2 Q7 QA UkXNV
Zсϱŵ
$UHD FRYHUDJH0RELOH UHOD\0RELOH %67DUJHW &RYHUDJH
%DUULHU &RYHUDJH
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6WDUW SRLQW
P
6B;m`2 kX3, :2QK2i`B+ KQ/2H b +QM+2Mi`B+ +B`+H2b M/ bi`iBM; TQBMi Q7 KQ#BH2
MQ/2
kN
h#H2 kXk, 6mM+iBQMHBiv .2iBHb
6mM+iBQMHBiv hvT2 6mM+iBQMHBiv `2 .BbiM+2 *QKTH2tBiv 6+iQ`
`2 +Qp2`;2 d8Xyy e8XdR Rjj
JQ#BH2 `2Hvf"a 8yXyy eeX3k kyy
h`;2i +Qp2`;2 RNXej e3XjR 8yN
"``B2` +Qp2`;2 RdXey e3X9j 8e3
kXd 1M2`;v *T+Biv Q7 JQ#BH2 LQ/2b @
PT2`iBQMH 1tT2M/Bim`2
PS1s 7Q`  KQ#BH2 MQ/2 /B`2+iHv `2Hi2b rBi? i?2 #ii2`v +T+Biv TQbb2bb2/
#v i?2 MQ/2X AM i?2 MHvbBb- #ii2`v +T+Biv Bb +QMbB/2`2/ b 2, 800 mAh rBi?
QT2`iBM; MQKBMH pQHi;2 Q7 RX8 o #b2/ QM +QKKQM `iBM; Q7 M HFHBM2
 #ii2`v- BX2X- 9Xk q? U2800 × 1.5VX h?Bb +M #2 2tT`2bb2/ BM CQmH2b b
R8-Rky C (4.2 × 3, 600)X *QMbB/2`BM; i?i i H2bi kyW +T+Biv Q7 i?2 MQ/2
rQmH/ #2 HQbi 7Q` +``vBM; Qi?2` M2irQ`F KM;2K2Mi ibF-2X;X- +Hmbi2`BM; @
+Hmbi2` ?2/ U*>V 2H2+iBQMb M/ 2M+`vTiBQM Q7 i?2 i`Mb72``2/ /i 7Q` b2+m`BivX
h?2`27Q`2- pBH#H2 +T+Biv 7Q` MQ/2 KQ#BHBiv iQ ++QKTHBb? 7mM+iBQMHBiv Bb
Rk-yNe C- +iBp2 b2MbBM; Bb +QMbB/2`2/ M BMi2;`H T`i Q7 i?2 7mM+iBQMHBivX h?2
TQr2` +QMbmKTiBQM 7Q` mMBi /BbiM+2UKV BM CQmH2b Bb +H+mHi2/ #b2/ QM #ii2`v
bT2+B}+iBQMb ;Bp2M 7Q` _Q#QKQi2 BM (R9) b j98 K? M/ MQKBMH pQHi;2 Q7
jXd oX hQiH +T+Biv BM CQmH2b #b2/ QM i?2 7Q`2bB/ bT2+B}+iBQM Bb 98N8X9X
Ai Bb bii2/ i?i _Q#QKQi2 KQp2b R3y K QM 7mHHv +?`;2/ #ii2`vX h?2`27Q`2
i?2 +Qbi Q7 KQpBM; R K BM CQmH2b Bb k8X8j C U4595.4 ÷ 180VX *QMbB/2`BM; i?i
rBi? BKT`Qp2K2Mib BM KQiQ` M/ r?22H /2bB;M 7Q` KQ#BH2 MQ/2b- iQ/v i?Bb
rQmH/ `2/m+2 #v RyW- BX2X- kkXNd CX Pp2`HH +QKKmMB+iBQM +Qbi Bb +QMbB/2`2/
iQ #2 /B`2+iHv `2Hi2/ iQ i?2 +QKTH2tBiv 7+iQ`X LQ`KHBx2/ `i2 Q7 R μC T2` #Bi
Bb +QMbB/2`2/ iQ iF2 BMiQ ++QmMi Qi?2` BM/B`2+i i`MbKBbbBQM +Qbi +QMbmK2/
BM i?2 `/BQ +B`+mBi Q7 i?2 b2MbQ` MQ/2 U+imH QM2 #Bi TX +Qbi Bb Km+? H2bbVX
S+F2i bBx2 Bb +QMbB/2`2/ b Rk3 #vi2b- M/ iQ iF2 BMiQ ++QmMi #Qi? TX M/
RX i?2 Qp2`HH pHm2 Bb KmHiBTHB2/ #v kX Pp2`HH +QKTH2tBiv +Qbi Bb i?2`27Q`2
;Bp2M b,
+QKTH2tBiv 7+iQ`× 128× 8× 1μJ × 2 UkXRyV
kX3 _2bmHib M/ .Bb+mbbBQMb
"b2/ QM i?2 PS1s Q7 miBHBxBM; KQ#BH2 MQ/2b /2i2`KBM2/ #b2/ QM i?2 ;2Q@
K2i`B+ KQ/2Hb iQ `2T`2b2Mi i?2 7mM+iBQMHBiB2b- M/ +QMbB/2`BM; i?2 #2M2}i Q7
mbBM; KQ#BH2 MQ/2b BM +QKT`BbQM iQ biiB+ MQ/2b- *" iQ /2i2`KBM2 i?2 2z2+@
iBp2 miBHBiv Q7 KQ#BH2 MQ/2b Bb T`2b2Mi2/X h?2 /2iBH2/ 7+iQ`b BM `272`2M+2 iQ
jy
`2 +Qp2`;2 7mM+iBQMHBiv `2 T`2b2Mi2/ BM h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;2 BKT`Qp2K2Mi i2+?MB[m2 i?2 KQ#BH2
MQ/2b `2 2tT2+i2/ iQ KQp2 7Q` K22iBM;  T`2/2i2`KBM2/ +Qp2`;2 Ti@
i2`M- M/ HbQ K22i i?2 M2irQ`F +QMM2+iBpBiv `2[mB`2K2MibX h?2 +Qp2`;2
Tii2`M `2[mB`2K2Mi +M #2 2Bi?2` ;HQ#H Q` HQ+H- ;HQ#H +Qp2`;2 Tii2`M
`272`b iQ +?B2pBM;- BM  rv- /2i2`KBMBbiB+ /2THQvK2Mi b i?2 KQp2K2Mi
HQ+iBQMb 7Q` i?2 MQ/2b `2 bmTTQb2 iQ #2 bT2+B}+X aBKBH`Hv-  HQ+H H2p2H
+Qp2`;2 `2[mB`2b i?i i?2 KQ#BH2 MQ/2 Bb bbB;M2/ M/ Bb 72bB#H2 QMHv
iQ }HH  bT2+B}2/ HQ+iBQM BM Bib M2B;?#Q`BM; `2X AM #Qi? i?2 +Qp2`;2
ivT2b i?2 r?QH2 M2irQ`F Bb +QMbB/2`2/ iQ #2 iBH2/ #v ?2t;QMH TQHv;QMb-
p2`iB+2b Q7 i?2b2 TQHv;QMb `2 i?2 TQbbB#H2 HQ+iBQMb iQ r?B+? i?2 KQ#BH2
MQ/2 Bb 2tT2+i2/ iQ `2HQ+i2X h?Bb K2i?Q/ Bb HbQ /2b+`B#2/ b oQ`QMQB
K2i?Q/ rBi? i?2 iBH2 mT TQHv;QMb `272``2/ b oQ`QMQB TQHv;QMb (k)X
Ç :`B/ [mQ`mK, h?Bb +Qp2`;2 BKT`Qp2K2Mi i2+?MB[m2 +QMbB/2`b i?2 QA
b  ;`B/- BX2X- bm#@/BpB/2/ BMiQ bm# `2;BQMbX :`B/ [mQ`mK Bb H2bb +QK@
TH2t +QKT`2/ rBi? i?2 Qi?2` irQ i2+?MB[m2b, pB`imH 7Q`+2 M/ +Qp2`;2
Tii2`MX h?Bb Bb /m2 iQ i?2 `2HQ+iBQM /2biBMiBQM Q7 i?2 MQ/2 MQi #2BM;
bT2+B}+-  MQ/2 Bb `2[mB`2/ iQ `2HQ+i2 Mvr?2`2 BM i?2 i`;2i ;`B/ +2HHX
b bii2/ BM *?Ti2` R- `2b2`+? rQ`F BM i?Bb i?2bBb Bb +2Mi`2/ `QmM/
miBHBxBM; MQ/2 KQ#BHBiv iQ +?B2p2  TQbBiBp2 BM~m2M+2 QM i?2 M2irQ`F i@
i`B#mi2 U+Qp2`;2V- HQM; rBi? i?2 +QMbB/2`iBQM i?i QMHv HBKBi2/ MQ/2
KQ#BHBiv Bb 72bB#H2X "b2/ QM i?2b2 +QMbB/2`iBQM i?2 +Qp2`;2 BKT`Qp2@
K2Mi mbBM; MQ/2 KQ#BHBiv 7Q`  ;`B/ [mQ`mK #b2/ M2irQ`F /2THQvK2Mi
?b #22M +QMbB/2`2/ 7Q` 7m`i?2` /2i2`KBMBM; BMi2`@T`K2i2` `2HiBQMb (j)X
je
:`B/ ZmQ`mK "b2/ *Qp2`;2 AKT`Qp2K2Mi
h?Bb K2i?Q/ 7Q` `2HQ+iBQM Q7 i?2 KQ#BH2 MQ/2b Bb HbQ `272``2/ b  HQ/ #H@
M+BM; T`Q#H2KX h?2 ;`B/ +2HHb `2 +i2;Q`Bx2/ #b2/ QM i?2 MmK#2` Q7 MQ/2b
+QMiBM2/ BM  +2HH- `272``2/ b i?2 r2B;?i Q7 i?2 +2HHX h?2`27Q`2- i?2 MQ/2 `2@
HQ+iBQM Bb BMi2M/2/ iQ KBMBKBx2 i?2 r2B;?i /Bz2`2M+2 #2ir22M i?2 ;`B/ +2HHb-
MQ/2b `2 `2HQ+i2/ 7`QK +2HHb rBi? 2t+2bb MQ/2b iQ +2HHb i?i ?p2 MQ MQ/2b i
HH Q` KBMBKH MQ/2bX 6m`i?2`- Bi Bb /2bB`#H2 i?i i?2 `2HQ+iBQM Q7 i?2 MQ/2b Bb
bm+? i?i i?2 iQiH `2HQ+iBQM /BbiM+2 Bb KBMBKH (R)X  b+M #b2/ KQp2K2Mi
@ bbBbi2/ b2MbQ` /2THQvK2Mi K2i?Q/- aJ_h ?b #22M /2b+`B#2/ BM (9)X h?Bb
K2i?Q/ BMpQHp2b B/2MiB}+iBQM Q7 Qp2`@HQ/2/- mM/2`@HQ/2/ M/ #HM+2/ ;`B/
+2HHb #b2/ QM  irQ bi2T b+M T`Q+2bb- }`bi 7Q` HH `Qrb M/ i?2M i?2 +QHmKMbX
"b2/ QM i?2 }`bi b+M- p2`;2 MmK#2` Q7 MQ/2b i?i b?QmH/ #2 BM 2+? +2HH 7Q`
 #HM+2/ bii2 `2 Q#iBM2/- i?2 b2+QM/ b+M Bb BM i?2 /B`2+iBQM QTTQbBi2 iQ
i?i Q7 i?2 }`bi b+M QM i?2 bK2 `QrX *QMbB/2`BM; wi iQ /2MQi2 i?2 MmK#2` Q7
MQ/2b BM i?2 +2HH B- M/ vi iQ /2MQi2 i?2 MmK#2` Q7 MQ/2b BM  +2`iBM MmK#2`
Q7 B +2HHb- BX2X- vi 4
∑i
j=1 wj X qBi? i?2 }`bi b+M BM QM2 /B`2+iBQM- i?2 p2`;2
HQ/ Q7  +2HH Bb w 4 vnfM- M/ rBi? i?2 b2+QM/ b+M BM i?2 QTTQbBi2 /B`2+iBQM
i?2 +2HH /2i2`KBMBM; i?2 bii2 +QKT`BM; Bib MmK#2` Q7 MQ/2b wi rBi? wX w→i
/2MQi2b MQ/2b iQ #2 b2Mi 7`QK  ;Bp2M +2HH BM i?2 `B;?i /B`2+iBQM M/ w←i iQ i?2
H27i /B`2+iBQM- i?2b2 `2 +QKTmi2/ b 7QHHQrb (9),
w→i 4 KBM{ wi @ w- { Kt vi @ vi- y } }
w←i 4 ( wi @ w ) @ w→i X
7i2` /2i2`KBMBM; w→i M/ w←i i?2 b+M H;Q`Bi?K Bb 2t2+mi2/ iQ /BbTi+?
MQ/2b 7`QK Qp2`HQ/2/ +2HHb iQ mM/2`@HQ/2/ +2HHbX h?Bb TT`Q+? 7Q` #HM+BM;
i?2 HQ/ +`Qbb i?2 +2HHb /Q2b MQi iF2 BMiQ ++QmMi i?2 2M2`;v +QMbmKTiBQM
i?i Bb BM+m``2/ #v i?2 KQ#BH2 MQ/2b iQ `2HQ+i2X h?2 mi?Q`b BM (8) 2ti2M/
i?Bb mM/2`HvBM; ;`B/ #b2/ HvQmi 7Q` `2HQ+iBM; KQ#BH2 MQ/2b `2HvBM; QM ~BT
#b2/ KQp2K2Mi #2ir22M i?2 +2HHb- rBi? i?2 ~BTTBM; TQbbB#H2 QMHv QM+2 +`Qbb
i?2 HB72iBK2- +QMbB/2`BM; QMHv HBKBi2/ KQ#BHBiv #b2/ `2HQ+iBQM Q7 KQ#BH2 MQ/2bX
h?2 ~BT #b2/ KQp2K2Mi Q7 i?2 MQ/2 Bb #`Qm;?i #Qmi #v mMrBM/BM; Q7 bT`BM;bX
h?2 T`Q+2bb Bb b?QrM BM 6B;X jXR UBV M/ UBBV- `2/`rM #b2/ QM i?2 };m`2
T`2b2Mi2/ BM (8)X hQ /2+B/2 i?2 ~BT KQp2K2Mi 7Q` HH KQ#BH2 MQ/2b bm+? i?i
i?2 +Qp2`;2 Bb KtBKBx2/ #v `2HQ+iBM; MQ/2b iQ p+Mi +2HHb UmM/2` #HM+2/V
i`MbHi2b BMiQ  T`Q#H2K Q7 KBMBKmK@+Qbi KtBKmK ~QrX *2HHb `2 +QMbB/2`2/
iQ #2 BM i?`22 bii2b bBKBH` iQ i?2 aJ_h K2i?Q/ b  bQm`+2 B7 Bi TQbb2bb
irQ Q` KQ`2 MQ/2b- 7Q`r`/2` B7 Bi ?b Dmbi QM2 MQ/2 M/ b  bBMF B7 Bi ?b MQ
MQ/2X h?2 +2HHb rBi?  bBM;H2 MQ/2 7mM+iBQM b  7Q`r`/2` b i?2v rQmH/ b2M/
i?2B` MQ/2 iQ M /DQBMBM; +2HH- M/ MQi?2` /DQBMBM; +2HH T`QpB/2b i?2K rBi?
QM2 MQ/2X h?2 KBMBKmK@+Qbi KtBKmK ~Qr T`Q#H2K BM `2HiBQM iQ ~BTTBM; Q7
MQ/2b Bb //`2bb2/ BM (8) mbBM;  pB`imH ;`T?- rBi? 2+? +2HH `2T`2b2Mi2/ rBi?
jd
6B;m`2 jXR, BV GQ/2/ M/ mMHQ/2/ +2HHb BM i?2 ;`B/- MQ/2b b?QrM rBi? ``Qr
`2HQ+i2/ iQ i?2 /DQBMBM; +2HHb UH27iV BBV "HM+2/ ;`B/ 7i2` `2HQ+iBQM Q7 MQ/2b
U`B;?iV
i?`22 p2`iB+2b, #b2 p2`i2t (vb) iQ i`+F MmK#2` Q7 MQ/2b BM  +2HH- BM p2`i2t (vi)
iQ i`+F MmK#2` Q7 MQ/2b ~BTT2/ BMiQ i?2 +2HH- M/ Qmi p2`i2t (vo)X aBKBH`Hv-
MQi?2` bi`i2;v /QTi2/ 7Q` /2i2`KBMBM; i?2 QTiBKH KQp2K2Mi THMMBM; 7Q`
MQ/2b Bb #v +QMp2`iBM; i?2 ;`B/ [mQ`mK HQ/ #HM+BM; T`Q#H2K BMiQ  T2`72+i
Ki+?BM; T`Q#H2K Qp2`  #BT`iBi2 ;`T?X .2i2`KBMBM; i?2 T2`72+i Ki+?BM;
#v 2MmK2`iBM; HH i?2 TQbbB#H2 +QK#BMiBQMb Kv MQi #2 +QMp2MB2Mi M/ 2p2M
BM72bB#H2 7Q`  H`;2 ;`B/- BX2X- H`;2 MmK#2` Q7 +2HHbX >mM;`BM K2i?Q/ Bb
/QTi2/ iQ /2i2`KBM2 i?2 T2`72+i Ki+?BM; M/ i?2`2#v /2+B/2 i?2 QTiBKH
KQp2K2Mi bi`i2;v 7Q` i?2 MQ/2b #2ir22M i?2 +2HHbX h?2 >mM;`BM K2i?Q/
?b #22M /Bb+mbb2/ BM /2iBH BM i?2 7QHHQrBM; b2+iBQM b Bi ?b #22M miBHBx2/ BM
/2i2`KBMBM; i?2 BMi2`@T`K2i2` `2HiBQMbX
S`K2i2`b AM~m2M+BM; *Qp2`;2 AKT`Qp2K2Mi
"HM+2/ HQ/ Q7 MQ/2b KQM;bi i?2 ;`B/ +2HHb +M #2 +?B2p2/ #b2/ QM i?2
7Q`2bii2/ K2i?Q/b- ?Qr2p2`- i?2 +imH +Qbi BKTHB2/ BM i2`Kb Q7 MQ/2 KQ#BH@
Biv ?b MQi #22M iF2M BMiQ ++QmMi BM i?2b2 K2i?Q/b 7Q` HQ/ #HM+BM; i?2
MQ/2b M/ BKT`QpBM; M2irQ`F +Qp2`;2X Ai rb Q#b2`p2/ 7`QK i?2b2 K2i?Q/b-
i?i T`i 7`QK i?2 T`BK2 MQ/2 KQ#BHBiv +Qbi- BX2X- +Qbi BM+m``2/ /m2 iQ KQp2@
K2Mi Q7 KQ#BH2 MQ/2- i?2 KQmMi Q7 HQ/ #HM+BM; M/ i?2`2Q7 i?2 +Qp2`;2
BKT`Qp2K2Mi 72bB#H2 `2 HbQ ;Qp2`M2/ #v i?2 `iBQ Q7 KQ#BH2 MQ/2b iQ biiB+
MQ/2bX 6m`i?2`- i?2 KtBKmK /BbiM+2  KQ#BH2 MQ/2 Bb T2`KBbbB#H2 iQ KQp2
rBHH ;Qp2`M i?2 HQ/ #HM+BM; @ +Qp2`;2 BKT`Qp2K2Mi 72bB#H2X b bii2/ 2`@
HB2`- Bi Bb +QMbB/2`2/ i?`Qm;?Qmi i?Bb i?2bBb i?i HBKBi2/ KQ#BHBiv Bb 72bB#H2 7Q`
i?2 KQ#BH2 MQ/2b- i?Bb ?b #22M /Bb+mbb2/ BM i?2 T`2pBQmb +?Ti2`bX h?2 iQiH
j3
h#H2 jXR, *QKT`BbQM Q7 `2Hi2/ rQ`Fb M/ T`2b2Mi2/ +QMi`B#miBQM
6+iQ`b
:`B/ [mQ@
`mK
GBKBi2/
KQ#BHBiv
hQiH
MQ/2b
@KQ#BH2
MQ/2b
p2`;2
/BbiM+2
o`BiBQM
MQ/2
/2MbBiv
6HBT #b2/ MQ/2 /2@
THQvK2Mi (8)
  × × ×
h`/2@Qzb KQ#BHBiv
M/ +Qp2`;2 (e) × ×  × ×
JQ#BH2 MQ/2 /2M@
bBiv M/ /2i2+iBQM
T2`7Q`KM+2 (d)
× × × × ×
*QMM2+iBpBiv
;m`Mi22BM; /2@
THQvK2Mi (3)
×  × × ×
*Qp2`;2 2M?M+2@
K2Mi pB`imH 7Q`+2
(N)
× × ×  
*Qp2`;2 BKT`Qp2@
K2Mi rBi? /B`2+@
iBQMH MQ/2b (Ry)
× × × × 
*Qp2`;2 BKT`Qp2@
K2Mi #b2/ QM
br`K QTiBKBx@
iBQM (RR)
× × ×  
*Qp2`;2 BKT`Qp2@
K2Mi rBi? KQ#BH2
MQ/2b (Rk)
 ×  × ×
MmK#2` Q7 MQ/2b UbiiB+ Y KQ#BH2V /2THQv2/ ;Qp2`M i?2 +Qp2`;2 BKT`Qp2K2Mi
72bB#H2X h?2b2 +`BiB+H T`K2i2`b ?p2 MQi #22M +QMbB/2`2/ BM i?2 7Q`2bB/
;`B/ [mQ`mK #b2/ +Qp2`;2 BKT`Qp2K2Mi @ HQ/ #HM+BM; K2i?Q/bX h?2`27Q`2-
2tT2`BK2Mi 2pHmiBQM rb +``B2/ Qmi iQ /2i2`KBM2 i?2 BMi2``2HiBQM #2ir22M
i?2b2 T`K2i2`b i?i rQmH/ ;Qp2`M i?2 +Qp2`;2 BKT`Qp2K2Mi TQbbB#H2 mbBM;
MQ/2 KQ#BHBivX >Qr2p2`- i?2`2 `2 Qi?2` `2Hi2/ rQ`F i?i ?p2 bim/B2/ i?2
`2HiBQM Q7 +Qp2`;2 BKT`Qp2K2Mi rBi? Qi?2` M2irQ`F ii`B#mi2b T`i 7`QK i?2
ii`B#mi2b K2MiBQM2/ #Qp2X h?2 mTT2` #QmM/ QM KQ#BH2 MQ/2 /2MbBiv `2[mB`2/
7Q` iiBMBM;  F @ +Qp2`;2 ?b #22M T`2b2Mi2/ BM (e)- ?Qr2p2`- i?2 BM~m2M+2 Q7
7Q`2bB/ KQ#BHBiv +QMbi`BMib TTHB+#H2 QM KQ#BH2 MQ/2b ?p2 MQi #22M +QM@
bB/2`2/X h?2 i`/2@Qz #2ir22M KQ#BH2 MQ/2 /2MbBiv M/ M2irQ`F T2`7Q`KM+2
T`K2i2`b Q7 /2i2+iBQM T`Q##BHBiv- /2i2+iBQM Hi2M+v- M/ K2M }`bi +QMi+i
/BbiM+2 7Q` i`;2i /2i2+iBQM ?p2 #22M T`2b2Mi2/ BM (d)- ?Qr2p2`- i?2 +Qp2`;2
jN
@ MQ/2 KQ#BHBiv BMi2``2HiBQM T`K2i2`b ?b MQi #22M 2pHmi2/X *Qp2`;2 BK@
T`Qp2K2Mi rBi? +QMM2+iBpBiv ;m`Mi22 miBHBxBM; KQ#BH2 MQ/2b #b2/ QM pB`imH
7Q`+2b ?b #22M T`2b2Mi2/ #v i?2 mi?Q`b Q7 (3)X h?2 mi?Q`b bii2 i?i KQ#BH2
MQ/2b `2 +QMbB/2`2/ iQ KQp2 QMHv b?Q`i /BbiM+2b 7Q` BKT`QpBM; i?2 M2irQ`F
/2THQvK2Mi- M/ BMi2``2HiBQM #2ir22M i?2 MQ/2 ivT2b UiQiH MQ/2b @ biiB+ M/
KQ#BH2V ?b MQi #22M +QMbB/2`2/ iQ /2i2`KBM2 i?2 +Qp2`;2 BKT`Qp2K2Mi i@
iBM2/ #v i?2 KQ#BH2 MQ/2bX h?2 KQ#BH2 MQ/2b +QmH/ #2 bm#D2+i2/ iQ +QMiBMmQmb
KQp2K2Mi UHQQTV /m2 iQ i?2 QT2`iBQM `2HvBM; QM pB`imH 7Q`+2bX oB`imH 7Q`+2
#b2/ +Qp2`;2 BKT`Qp2K2Mi mbBM; KQ#BH2 MQ/2b ?b HbQ #22M T`2b2Mi2/ #v i?2
mi?Q`b BM (N)- r?2`2 i?2v /Bb+mbb i?2 p2`;2 /BbiM+2 KQp2/ #v i?2 MQ/2b BM
`272`2M+2 iQ i?2 +Qp2`;2 iiBM2/X *Qp2`;2 BKT`Qp2K2Mi BM b2MbQ` M2irQ`F
+QKT`BbBM; Q7 /B`2+iBQMH b2MbQ` MQ/2b #b2/ QM oQ`QMQB /B;`K Bb T`QTQb2/
#v i?2 mi?Q`b BM (Ry)X h?2 b2MbQ`b b?B7i i?2B` `2bT2+iBp2 /B`2+iBQMH +Qp2`;2 iQ
2M?M+2 i?2 Qp2`HH +Qp2`;2 Q7 i?2 M2irQ`FX AM~m2M+2 Q7 p`BiBQM BM MmK#2`
Q7 b2MbQ` MQ/2b- b2MbBM; `/Bmb- M/ M;H2 Q7 pB2r U/B`2+iBQMH +Qp2`;2V ?p2
#22M iF2M BMiQ +QMbB/2`iBQM 7Q` /2THQvK2Mi BM M QAX h?2 mi?Q`b- ?Qr2p2`-
bbmK2 i?i i?2 b2MbQ` MQ/2b ?p2 ++2bb iQ HQ+HBxiBQM b2`pB+2b M/ HH i?2
MQ/2b `2 +QMbB/2`2/ iQ #2 biiB+ BM Mim`2X *Qp2`;2 BKT`Qp2K2Mi #b2/ QM
br`K QTiBKBxiBQM Bb T`2b2Mi2/ BM (RR)- BKT+i Q7 MmK#2` Q7 MQ/2b QM +Qp@
2`;2 +?B2p2/ M/ i?2 /BbiM+2 KQp2/ #v i?2 MQ/2b iQ iiBM ;Bp2M +Qp2`;2
?p2 #22M 2pHmi2/ #v i?2 mi?Q`bX >Qr2p2`- i?2 MQ/2 KQp2K2Mi Bb ;Qp2`M2/
#v pB`imH 7Q`+2b 2tBbiBM; #2ir22M i?2 MQ/2b M/ i?2 M2irQ`F Bb +QMbB/2`2/ iQ
+QKT`Bb2 QMHv Q7 KQ#BH2 MQ/2b- 2tT2+i2/ iQ `2Q`;MBx2 +`Qbb i?2 M2irQ`F 7i2`
/2THQvK2Mi 7`QK  +2Mi`H HQ+iBQM BM i?2 QAX 6Q` i?2 b2MbBM; `2;BQM +QMbB/@
2`2/ iQ #2 /BpB/2/ BMiQ ;`B/ Ub[m`2 +2HHbV M/ miBHBxBM;  #B//BM; T`QiQ+QH iQ
/2i2`KBM2 i?2 KQ#BH2 MQ/2 i?i KQp2b iQ }HH  +Qp2`;2 ?QH2 UmM+Qp2`2/ +2HHbV
?b #22M T`2b2Mi2/ BM (Rk)X h?2 KQ#BH2 MQ/2b `2 +QMbB/2`2/ iQ #2 bbBbi2/
#v biiB+ MQ/2b 7Q` `2HQ+iBQM- BM //BiBQM iQ i?2 bbmKTiBQM i?i HH MQ/2b `2
r`2 Q7 i?2B` HQ+iBQMbX h?2 MHvbBb iF2b BMiQ ++QmMi i?2 BM~m2M+2 Q7 pB`imH
7Q`+2b #2ir22M i?2 KQ#BH2 MQ/2b M/ i?2 biiB+ MQ/2b- Bi Bb HbQ bbmK2/ i?i
MQ/2b `2 r`2 Q7 i?2B` HQ+iBQMbX Hi?Qm;?- MQi /B`2+iHv `2Hi2/- mb2 Q7 ;`B/
[mQ`mK 7Q` /2i2`KBMBM; i?2 HQ+iBQM Q7 KQ#BH2 MQ/2bf?Qbib ?b #22M T`2b2Mi2/
BM (Rj)- bi`2bbBM; QM i?2 miBHBiv Q7 ;`B/ [mQ`mK 7Q` 2bv /Bbi`B#mi2/ HQ+iBQM /2@
i2`KBMiBQM miBHBivX h?2 +QKT`BbQM #2ir22M `2Hi2/ rQ`Fb M/ i?2 T`2b2Mi2/
+QMi`B#miBQM #b2/ QM +2`iBM ;Qp2`MBM; 7+iQ`b ?p2 #22M bmKK`Bx2/ BM h#H2
jXRX
jXj >mM;`BM J2i?Q/
AM  #BT`iBi2 ;`T? #b2/ +HbbB}+iBQM Q7 i?2 ;`B/ +2HHb- H27i bB/2 `2T`2b2Mib
i?2 Qp2`@HQ/2/ ;`B/ +2HHb- M/ i?2 `B;?i bB/2 `2T`2b2Mib i?2 mM/2`@HQ/2/ +2HHbX
>mM;`BM K2i?Q/ Bb mb2/ iQ /2i2`KBM2 i?2 T2`72+i Ki+?BM; #2ir22M i?2 irQ
9y
bB/2b Q7 i?2 ;`T?X h?2 Ki+?BM; T`Q#H2K Bb `2T`2b2Mi2/ Ki?2KiB+HHv rBi?
xij UB-D 4 RXXXMV `2T`2b2MiBM; i?2 b2i Q7 p`B#H2b- M Bb MmK#2` Q7 MQ/2b BM i?2
p2`iB+2b b2i Q7 i?2 +QKTH2i2 #BT`iBi2 ;`T?  4 Uo- l- 1V- r?2`2 o-l `2T`2@
b2Mib i?2 b2i Q7 p2`iB+2b M/ 1 i?2 b2i Q7 2/;2bX Xij4R K2Mb i?2 2/;2 vi- uj Bb
BM+Hm/2/ BM i?2 Ki+?BM; M/ pB+2 p2`b Bb TTHB+#H2 7Q` Xij4yX h?2`27Q`2- i?2
T2`72+i Ki+?BM; +M #2 /2`Bp2/ bQHpBM; i?2 7QHHQrBM; QTiBKBxiBQM T`Q#H2K (9),
Minimize
∑
ij
Cij Xij UjXRV
bm#D2+i iQ
∑
i=1 Xij 4 R- B 4 R-k-XXXM-∑
j=1 Xij 4 R- D 4 R-k-XXXXMX
"b2/ QM i?2 #Qp2 7Q`KmHiBQM i?2 #BT`iBi2 ;`T? T`Q#H2K Bb +QMp2`i2/ BMiQ 
Ki`Bt T`Q#H2KX h?Bb Bb b?QrM BM i?2 6B;X jXk- r?2`2 i?2 BMi2MiBQM Bb iQ +?QQb2
QM2 mMB[m2 2Mi`v 7Q` 2+? `Qr M/ +QHmKM `2bT2+iBp2Hv (R9)X _Qrb Q7 i?2 K@
i`Bt `2T`2b2Mi i?2 MQ/2b BM Qp2`@HQ/2/ +2HHb Up2`i2t b2i o V M/ i?2 +QHmKMb
i?2 mM/2`@HQ/2/ +2HHb Up2`i2t b2i lVX h?2 pHm2 Q7 2Mi`v Cij Bb i?2 +Qbi Q7 b@
bB;MBM; MQ/2b 7`QK +2HHb BM vi iQ +2HHb BM uj U+Qbi Bb BM i2`Kb Q7 /BbiM+2 BKTHB2/
7Q` `2HQ+iBM;VX h?2`27Q`2- i?2 Q#D2+iBp2 Bb iQ Ki+? i?2 MQ/2b #2ir22M i?2 irQ
b2ib bm+? i?i i?2 Qp2`HH +Qbi Bb KBMBKmKX
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6B;m`2 jXk, Ji`Bt `2T`2b2MiiBQM Q7 #BT`iBi2 ;`T? #b2/ irQ b2ib
9R
jX9 _2bmHib M/ .Bb+mbbBQMb
AM i?Bb b2+iBQM- }`bi i?2 bBKmHiBQM b2imT Bb /Bb+mbb2/ 7QHHQr2/ #v i?2 `2bmHib
+i2;Q`Bx2/ BM i?`22 +i2;Q`B2b, mM+QMbi`BM2/ /BbiM+2 KQ#BHBiv M/ MmK#2` Q7
KQ#BH2 MQ/2b- +QMbi`BM2/ /BbiM+2 KQ#BHBiv- M/ +QMbi`BM2/ /BbiM+2 KQ#BHBiv
M/ MmK#2` Q7 KQ#BH2 MQ/2bX
aBKmHiBQM a2imT
h?2 2tT2`BK2MiH b2imT iQ /2i2`KBM2 i?2 7Q`2bB/ T`K2i2`b BM `2HiBQM rBi?
+Qp2`;2 BKT`Qp2K2Mi iiBM2/ BM i?2 M2irQ`F ?b #22M /2i2`KBM2/ #b2/ QM
bBKmHiBQMbX (j)X h?2 bBKmHiBQM 2tT2`BK2Mi ?b #22M +``B2/ Qmi mbBM; Jh@
G"-  mMB7Q`K /2THQvK2Mi `2;BQM U;`B/V Q7 Ryy × Ryy Bb +QMbB/2`2/ rBi? Ryy
;`B/ +2HHb 2+? Q7 bBx2 Ry× Ry- BM  KMM2` bBKBH` iQ b b?QrM BM 6B;X jXRX 
;`B/ +2HH Bb +QMbB/2`2/ +Qp2`2/ B7 Bi ?b i H2bi QM2 MQ/2- MQ/2b `2 bbmK2/
iQ #2 i i?2 +2Mi2` Q7 i?2 ;`B/ +2HH b i?2 T`2+Bb2 HQ+iBQM Q7 i?2 MQ/2b Bb MQi
+QMbB/2`2/X h?2 1m+HB/2M /BbiM+2 #2ir22M i?2 ;`B/ +2HHb Bb mb2/ iQ TQTmHi2
i?2 +Qbi Ki`Bt- *- BM UjXRVX h?2 2tT2`BK2Mi Bb +QM/m+i2/ p`vBM; i?2 MmK#2`
Q7 MQ/2b 7`QK Ry iQ 8yy BM BM+`2K2Mib Q7 Ry M/ i?2 MmK#2` Q7 KQ#BH2 MQ/2b
b  `iBQ Q7 iQiH MQ/2b Bb p`B2/ 7`QK Ry W iQ Ryy WX h?2 2tT2`BK2MiH
`2bmHib `2 K2M pHm2b Q#iBM2/ Qp2` Ryy bBKmHiBQM `mMbX h?2 KQ#BH2 MQ/2b
`2 +QMbB/2`2/ iQ TQbb2bb QMHv HBKBi2/ KQ#BHBiv +T+Biv M/ ++Q`/BM;Hv i?2
+QMbi`BMi QM KtBKmKmK KQp2#H2 /BbiM+2 `2 +QMbB/2`2/ b dX8- 8Xy M/
kX8 mMBib `2bT2+iBp2HvX lM+QMbi`BM2/ UmMHBKBi2/V KQ#BHBiv Bb `2T`2b2Mi2/ rBi?
 T2`KBbbB#H2 KQp2#H2 /BbiM+2 Q7 R8 mMBib U/B;QMH H2M;i? +`Qbb i?2 ;`B/
`2;BQMV- M/  bBM;H2 mMBi `2T`2b2Mib QM2 +2HHX S`2+Bb2 /BbiM+2 #b2/ /2i2`KB@
MiBQM Bb MQi 72bB#H2- +QMbB/2`BM; i?i +imH /2THQvK2Mi +QM/BiBQMb M/ i?2
KQ#BH2 MQ/2 bT2+B}+iBQMb +M p`v 7`QK +b2 iQ +b2X
lM+QMbi`BM2/ .BbiM+2 JQ#BHBiv M/ LmK#2` Q7 JQ#BH2
LQ/2b
h?2 `2HiBQM #2ir22M i?2 +Qp2`;2 Q#iBM2/ rBi? MQM@mMB7Q`K /2THQvK2Mi Q7
MQ/2b M/ mM+QMbi`BM2/ MQ/2 KQ#BHBiv Bb b?QrM BM 6B;X jXjX h?2 };m`2 b?Qrb
 +`BiB+H Q#b2`piBQM #Qmi i?2 7mM+iBQMHBiv /Bz2`2M+2 #2ir22M  biiB+ MQ/2
M/  KQ#BH2 MQ/2X 6Q` 7mHH +Qp2`;2- 9ey biiB+ MQ/2b `2 `2[mB`2/- M/ BM
+QKT`BbQM QMHv Ryy KQ#BH2 MQ/2b `2 bm{+B2Mi iQ Q#iBM 7mHH +Qp2`;2X "b2/
QM i?Bb Q#b2`piBQM Bi +M #2 BM72``2/ i?i R KQ#BH2 MQ/2 ≈ 8 biiB+ MQ/2bX h?2
iQiH /BbiM+2 KQp2/ #v HH i?2 KQ#BH2 MQ/2b +QK#BM2/- M/ i?2 ?B;?2bi /BbiM+2
KQp2/ #v  MQ/2 iQ iiBM i?Bb +Qp2`;2 Tii2`M U6B;X jXjV Bb b?QrM BM 6B;X jX9X
h?2 ;`T?b b?QmH/ #2 HQQF2/ i +QHH2+iBp2Hv iQ Q#iBM i?2 BMi2``2HiBQM #2ir22M
i?2 p`BQmb T`K2i2`b ;Qp2`MBM; +Qp2`;2 BKT`Qp2K2Mi rBi? MQ/2 KQ#BHBivX
9k
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6B;m`2 jXj, *Qp2`;2 T2`+2Mi;2 7Q` MQM@mMB7Q`K /2THQvK2Mi UBMBiBHV M/
#b2/ QM MQ/2 KQ#BHBiv
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6B;m`2 jX9, hQiH /BbiM+2 M/ ?B;?2bi /BbiM+2 KQp2/ 7Q` +Q``2bTQM/BM; +Qp@
2`;2 b?QrM BM 6B; jXj
*QMbi`BM2/ .BbiM+2 JQ#BHBiv
hQ mM/2`biM/ i?2 BM~m2M+2 Q7 +QMbi`BM2/ KQ#BHBiv- HQM2- i?2 2tT2`BK2MiiBQM
rb +``B2/ Qmi p`vBM; i?2 KtBKmK T2`KBbbB#H2 /BbiM+2 i?2 MQ/2b +M KQp2X
9j
h?2 MmK#2` Q7 MQ/2b `2[mB`2/ iQ iiBM i?2 +Qp2`;2 rBi? p`vBM; +QMbi`BM2/
KQ#BHBiv +M #2 Q#b2`p2/ 7`QK i?2 };m`2b- r?2M HH i?2 MQ/2b `2 +QMbB/2`2/
iQ #2 KQ#BH2X h?2 2z2+i Q7 +QMbi`BM2/ /BbiM+2 KQ#BHBiv Q7 KQ#BH2 MQ/2b QM,
+Qp2`;2 BKT`Qp2K2Mi +?B2p2/- iQiH /BbiM+2- M/ ?B;?2bi /BbiM+2 `2[mB`2/ iQ
#2 KQp2/ #v M BM/BpB/mH MQ/2 iQ iiBM i?2 ;Bp2M +Qp2`;2 `2 b?QrM BM 6B;X
jX8- jXe M/ jXd `2bT2+iBp2HvX Ai +M #2 Q#b2`p2/ 7`QK 6B;X jX8 i?i b 2tT2+i2/-
rBi? T2`KBbbB#H2 KQ#BHBiv /BbiM+2 Q7 R8 mMBib UmM+QMbi`BM2/ KQ#BHBivV- i?2
M2irQ`F iiBMb 7mHH +Qp2`;2 rBi? Ryy MQM@mMB7Q`KHv /2THQv2/ MQ/2bX "b2/
QM i?2 };m`2b- Bi +M #2 Q#b2`p2/ i?i i?2`2 Bb M BM+`2b2 BM i?2 MmK#2` Q7
MQ/2b `2[mB`2/ iQ iiBM 7mHH +Qp2`;2 rBi? /2+`2b2 BM i?2 KtBKmK T2`KBbbB#H2
/BbiM+2 i?2 MQ/2b +M KQp2X 6Q` i?2 HQr2bi KQp2#H2 /BbiM+2 Q7 kX8 mMBib i?2
MmK#2` Q7 MQ/2b `2[mB`2/ Bb b ?B;? b j8yX
*QMbi`BM2/ .BbiM+2 JQ#BHBiv M/ LmK#2` Q7 JQ#BH2
LQ/2b
AM i?2 T`2pBQmb bm#@b2+iBQM- i?2 BM~m2M+2 Q7 KtBKmK T2`KBbbB#H2 /BbiM+2 
KQ#BH2 MQ/2 +M `2HQ+i2 ?b #22M Q#b2`p2/X  HQr T2`KBbbB#H2 /BbiM+2 7Q`
`2HQ+iBQM Q7 KQ#BH2 MQ/2b BM  MQM@mMB7Q`KHv /2THQv2/ M2irQ`F BM+`2b2b i?2
iQiH MmK#2` Q7 MQ/2b `2[mB`2/ bm#biMiBHHvX q2 `2 BMi2`2bi2/ BM  ?v#`B/
b2MbQ` M2irQ`F- rBi? i?2 +QMbB/2`iBQM i?i  KQ#BH2 b2MbQ` M2irQ`F UJaLV
Bb MQi 72bB#H2- /m2 iQ i?2 ?B;? +Qbi 7Q` KQp2K2Mi Q7 KQ#BH2 MQ/2 M/ i?2
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6B;m`2 jX8, *Qp2`;2 T2`+2Mi 7Q` +QMbi`BM2/ KQ#BHBiv /Bbi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6B;m`2 jXe, hQiH /BbiM+2 KQp2/ #v MQ/2b 7Q` +Q``2bTQM/BM; +Qp2`;2 BKT`Qp2@
K2Mi b?QrM BM 6B; jX8
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T`Qp2K2Mi b?QrM BM 6B;X jX8
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H /BbiM+2 KQp2/ #v i?2 MQ/2b 7Q` +QMbi`BM2/ KQ#BHBiv UdX8
mMBibV- p`vBM; W Q7 KQ#BH2 MQ/2b- +Q``2bTQM/BM; +Qp2`;2 b?QrM BM 6B;X jXRy
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6B;m`2 jXR8, hQiH /BbiM+2 KQp2/ #v i?2 MQ/2b 7Q` +QMbi`BM2/ KQ#BHBiv UR8
mMBibV- p`vBM; W Q7 KQ#BH2 MQ/2b- +Q``2bTQM/BM; +Qp2`;2 b?QrM BM 6B;X jXRR
?B;? KMm7+im`BM; +Qbi Q7  mMBiX h?2 2tT2`BK2MiiBQM rb +``B2/ Qmi iQ
/2i2`KBM2 i?2 BMi2`@T`K2i2` `2HiBQM rBi? p`vBM; ǶWǶ Q7 KQ#BH2 MQ/2b Qmi
Q7 i?2 iQiH MQ/2b UbiiB+ Y KQ#BH2V- HQM; rBi? p`B#H2 KtBKmK T2`KBbbB#H2
/BbiM+2 i?2 KQ#BH2 MQ/2b +M KQp2X h?2 +Qp2`;2 BKT`Qp2K2Mib +?B2p2/
9N
mM/2` i?2b2 T`K2i2` +QMbi`BMib `2 b?QrM BM 6B;X jX3- jXN- jXRy- M/ jXRRX
h?2 iQiH /BbiM+2b KQp2/ #v i?2 MQ/2b 7Q` iiBMBM; i?2 +Qp2`;2 `2 b?QrM
BM 6B;X jXRk- jXRj- jXR9-M/ jXR8 `2bT2+iBp2HvX h?2 //2/ 2z2+i Q7 QMHv  +2`iBM
T`QTQ`iBQM Q7 i?2 iQiH MQ/2b #2BM; KQ#BH2 MQ/2b +M #2 /2KQMbi`i2/ #v M
2tKTH2, +QMbB/2`BM; T2`KBbbB#H2 /BbiM+2 KQ#BHBiv Q7 kX8 mMBib- i?2 MmK#2` Q7
MQ/2b `2[mB`2/ iQ iiBM  NyW #b2/ QM 6B;XjX8 Bb RkyX AM Q`/2` iQ iiBM i?2
bK2 +Qp2`;2 rBi? RyW Q7 i?2 iQiH MQ/2b b KQ#BH2 MQ/2- MmK#2` Q7 iQiH
MQ/2b `2[mB`2/ Bb R3y U6B;X jX3VX 6`QK i?2 };m`2b Bi +M HbQ #2 Q#b2`p2/ i?i
p`BiBQM BM W Q7 iQiH MQ/2b b KQ#BH2 MQ/2b ?b BMbB;MB}+Mi BM~m2M+2 QM i?2
+Qp2`;2 BKT`Qp2K2Mi r?2M 8yW Q` KQ`2 Q7 i?2 MQ/2b `2 KQ#BH2 MQ/2bX
jX8 *QM+HmbBQMb
h?2 BMi2`@T`K2i2` `2HiBQMb i?i ;Qp2`M i?2 +Qp2`;2 BKT`Qp2K2Mi 72bB#H2
`2 /2`Bp2/ #v i?2 2tT2`BK2MiH 2pHmiBQM M/ +M #2 mb2/ iQ b2`p2 b  v`/@
biB+F 7Q` M2irQ`F THMMBM;X h?Bb Bb 2bT2+BHHv bB;MB}+Mi +QMbB/2`BM; i?2 7+i
i?i M2irQ`F `2bQm`+2 THMMBM; rQmH/ #2 M2+2bbBii2/ +QMbB/2`BM; H`;2 b+H2
b2MbQ` /2THQvK2Mib BM i?2 7mim`2 7Q` MiB+BTi2/ TTHB+iBQMb- M/ T2` mMBi +Qbi
Q7  b2MbQ` MQ/2 M/ Bib QT2`iBQMH HBKBiiBQMbX h?2 BMi2`@`2HiBQM #2ir22M i?2
T`K2i2`b ;Qp2`MBM; i?2 +Qp2`;2 BKT`Qp2K2Mi TQbbB#H2 mbBM; KQ#BH2 MQ/2b
HbQ DmbiB7v  F2v bT2+i- BX2X-  ?v#`B/ M2irQ`F Bb bm{+B2Mi iQ bm{+2 /2THQv@
K2Mi Q#D2+iBp2X h?Bb rQ`F +M #2 2M?M+2/ 2bT2+BHHv iQ BM+Hm/2 /2THQvK2Mi
+QM/BiBQMb BM i?2 QA- //`2bbBM; +QMbi`BMi j bii2/ BM i?2 T`Q#H2K /2}MBiBQM
Q7 i?2 i?2bBb- M/ i?2`2#v iiBM 7m`i?2` 2z2+iBp2Hv THMMBM; Q7 i?2 `2[mB`2/
M2irQ`F `2bQm`+2bX
jXe _272`2M+2b
(R) "M; qM;- >Q+F "2M; GBK- M/ .B JX  bm`p2v Q7 KQp2K2Mi bi`i2;B2b
7Q` BKT`QpBM; M2irQ`F +Qp2`;2 BM rB`2H2bb b2MbQ` M2irQ`FbX *QKTmi2`
*QKKmMB+iBQMb- jk,R9kd Ĝ R9je- kyyNX
(k) uQm@*?BmM qM;- 6M;@CBM; qm- M/ um@*?22 hb2M;X JQ#BHBiv KM;2@
K2Mi H;Q`Bi?Kb M/ TTHB+iBQMb 7Q` KQ#BH2 b2MbQ` M2irQ`FbX qB`2H2bb
*QKKmMB+iBQMb M/ JQ#BH2 *QKTmiBM;- Rk,dĜkR- kyRkX
(j) SX Ji?m`- _X>X LB2Hb2M- LX_X S`b/- M/ _X S`b/X *Qp2`;2 BKT`Qp2@
K2Mi 7Q` rB`2H2bb b2MbQ` M2irQ`Fb mbBM; ;`B/ [mQ`mK #b2/ MQ/2 KQ#BHBivX
AM L2irQ`FBM; M/ 1H2+i`QMB+ *QKK2`+2 _2b2`+? *QM72`2M+2X K2`B+M
h2H2+QKKmMB+iBQMb avbi2Kb JM;2K2Mi bbQ+BiBQM- kyRkX
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(9) a?m?mB uM;- JBM;Hm GB- M/ CB2 qmX a+M@#b2/ KQp2K2Mi@bbBbi2/ b2M@
bQ` /2THQvK2Mi K2i?Q/b BM rB`2H2bb b2MbQ` M2irQ`FbX S`HH2H M/ .Bb@
i`B#mi2/ avbi2Kb- A111 h`Mb+iBQMb QM- R3,RRy3ĜRRkR- kyydX
(8) aX *?2HHTTM- sBQH2 "B- "BM J- .QM; smM- M/ *?M;[BM; smX JQ@
#BHBiv HBKBi2/ ~BT@#b2/ b2MbQ` M2irQ`Fb /2THQvK2MiX S`HH2H M/ .Bb@
i`B#mi2/ avbi2Kb- A111 h`Mb+iBQMb QM- R3,RNNĜkRR- kyydX
(e) q2B qM; oBF`K a`BMBpbM M/ E22@*?BM; *?mX h`/2@Qzb #2ir22M
KQ#BHBiv M/ /2MbBiv 7Q` +Qp2`;2 BM rB`2H2bb b2MbQ` M2irQ`FbX AM S`Q+22/@
BM;b Q7 i?2 Rji? MMmH *J BMi2`MiBQMH +QM72`2M+2 QM JQ#BH2 +QKTmiBM;
M/ M2irQ`FBM;- kyydX
(d) h?Fb?BH qBKHD22r M/ am/?`KM EX Cvr22`X AKT+i Q7 KQ#BH2
MQ/2 /2MbBiv QM /2i2+iBQM T2`7Q`KM+2 K2bm`2b BM  ?v#`B/ b2MbQ` M2i@
rQ`FX A111 h`Mb+iBQMb QM qB`2H2bb *QKKmMB+iBQMb- NU8V,RdeyĜRdeN-
kyRyX
(3) :mM; hM- ai2T?2M X C`pBb- M/ MM2@J`B2 E2`K``2+X *QMM2+iBpBiv@
;m`Mi22/ M/ Q#bi+H2@/TiBp2 /2THQvK2Mi b+?2K2b 7Q` KQ#BH2 b2MbQ`
M2irQ`FbX A111 h`Mb+iBQMb QM JQ#BH2 *QKTmiBM;- 3- kyyNX
(N) sm2 qM; M/ a?2M; qM;X >B2``+?B+H /2THQvK2Mi QTiBKBxiBQM 7Q`
rB`2H2bb b2MbQ` M2irQ`FbX JQ#BH2 *QKTmiBM;- A111 h`Mb+iBQMb QM-
Ry,Ryk3ĜRy9R- kyRRX
(Ry) hB2M@q2M amM; M/ *?m@aBM; uM;X oQ`QMQB@#b2/ +Qp2`;2 BKT`Qp2K2Mi
TT`Q+? 7Q` rB`2H2bb /B`2+iBQMH b2MbQ` M2irQ`FbX CQm`MH Q7 L2irQ`F M/
*QKTmi2` TTHB+iBQMb- jNUyV,kyk Ĝ kRj- kyR9X
(RR) q2M@>r GBQ- um+?2M; EQ- M/ uBM;@a?M GBX  b2MbQ` /2THQvK2Mi
TT`Q+? mbBM; ;HQrrQ`K br`K QTiBKBxiBQM H;Q`Bi?K BM rB`2H2bb b2MbQ`
M2irQ`FbX 1tT2`i avbi2Kb rBi? TTHB+iBQMb- j3URyV,RkR3y Ĝ RkR33- kyRRX
(Rk) JbbBKQ o2++?BQ M/ GƦT2x@oH+`+2X AKT`QpBM; `2 +Qp2`;2 Q7 rB`2H2bb
b2MbQ` M2irQ`Fb pB +QMi`QHH#H2 KQ#BH2 MQ/2b,  ;`22/v TT`Q+?X CQm`MH
Q7 L2irQ`F M/ *QKTmi2` TTHB+iBQMb- 93,R Ĝ Rj- kyR8X
(Rj) uB GB- .QM;HBM; sB2- *M72M; *?2M- M/ CBM JX A``2;mH` ;`B/ [mQ`mK
#b2/ HQ+iBQM KM;2K2Mi 7Q` rB`2H2bb b2MbQ` M2irQ`FX AM AM7Q`KiBQM
1M;BM22`BM;- kyyNX A*A1 ǶyNX qa1 AMi2`MiBQMH *QM72`2M+2 QM- kyyNX
(R9) JmMF`2bǶ bbB;MK2Mi H;Q`Bi?KX pBH#H2,?iiT,ff+b+H#XKm``vbii2X2/m
f#Q#XTBH;`BKf998fKmMF`2bX?iKH (++2bb2/, a2T kk- kyR9))X
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*?Ti2` 9
*Qp2`;2 AKT`Qp2K2Mib
mbBM; LQ/2 JQ#BHBiv BM
*Hmbi2`2/ L2irQ`Fb
9XR AMi`Q/m+iBQM
AM *?Ti2` j- i?2 BMi2`@T`K2i2` `2HiBQMb ;Qp2`MBM; i?2 +Qp2`;2 BKT`Qp2@
K2Mi 72bB#H2 mbBM; MQ/2 KQ#BHBiv ?p2 #22M 2H#Q`i2/X h?2 +Q`2 Q#D2+iBp2 Q7
*?Ti2` j rb iQ /2i2`KBM2 i?2 `2HiBQM #2ir22M MmK#2` M/ ivT2 Q7 MQ/2b
UiQiH MQ/2b- T`QTQ`iBQM Q7 KQ#BH2 MQ/2bVc /BbiM+2 KQ#BHBiv T2`KBii2/ BM i?2
M2irQ`F UiQiH /BbiM+2 KQp#H2 #v HH KQ#BH2 MQ/2b +QHH2+iBp2Hv M/ KtBKmK
/BbiM+2 KQp#H2 #v  bBM;H2 MQ/2V- M/ i?2 +Qp2`;2 BKT`Qp2K2Mi 72bB#H2X
h?2`27Q`2-  +2Mi`HBx2/ BKTH2K2MiiBQM iQ /2i2`KBM2 i?2 Ki+?BM; #2ir22M
i?2 ;`B/ +2HHb Bb ++2Ti#H2X >Qr2p2`-  +2Mi`HBx2/ BKTH2K2MiiBQM BKTQb2b 
?B;? +QKKmMB+iBQM +Qbi b HH MQ/2b `2 BMpQHp2/ BM KmHiB@?QT +QKKmMB+iBQMX
Ai ?b #22M bii2/ BM *?Ti2` R i?i  ?B2``+?B+H bi`m+im`2 BM i?2 M2irQ`F Bb
mb27mH 7Q` `2/m+BM; i?2 Qp2`HH +QKKmMB+iBQM +Qbi M/ Bi ?b  TQbBiBp2 BKT+i
QM i?2 M2irQ`F HB72iBK2X LQ/2b `2 ;`QmT2/ BM +Hmbi2`b rBi? M 2H2+i2/ +Hmbi2`
?2/ U*>V i?i `2T`2b2Mib i?2K- M/ +QKKmMB+i2b rBi? i?2 `2bi Q7 i?2 M2i@
rQ`F M/ i?2 #b2 biiBQM U"aV QM i?2B` #2?H7X "Qi? +Qp2`;2 M/ +Hmbi2`BM;
`2 BKTQ`iMi ZQa ii`B#mi2b Q7  /2THQv2/ M2irQ`FX .2bTBi2 i?2B` 2ti`2K2
bB;MB}+M+2- T`QTQb2/ K2i?Q/bfK2+?MBbKb ?p2 //`2bb2/ i?2K BM/BpB/mHHvX
h?Bb +?Ti2` 2H#Q`i2b  K2+?MBbK iQ +QHH2+iBp2Hv //`2bb i?2K iFBM; BMiQ
+QMbB/2`iBQM i?2 MQ/2 KQ#BHBiv QT2`iBQMH +QMbi`BMib R- k M/ 9 bii2/ BM i?2
T`Q#H2K /2}MBiBQM Ua2+iBQM RX9V Q7 i?Bb i?2bBbX
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9Xk _2Hi2/ qQ`F
AM *?Ti2` j- +HbbB}+iBQM Q7 +Qp2`;2 BKT`Qp2K2Mi b+?2K2b #b2/ QM MQ/2
KQ#BHBiv ?p2 #22M 2H#Q`i2/X L2+2bbBiv 7Q` miBHBxBM; MQ/2 KQ#BHBiv `Bb2b /m2
iQ BMbm{+B2Mi +Qp2`;2 Q7 i?2 `2 Q7 BMi2`2bi UQAV iiBM2/ rBi? MQM@mMB7Q`K
/2THQvK2Mi Q7 MQ/2bX  TQbbB#H2 rv iQ iiBM i?2 +QKTH2i2 +Qp2`;2 mM/2`
i?2b2 +QM/BiBQM Bb iQ /2THQv i?2 MQ/2b BM  Km+? H`;2` MmK#2` i?M i?2 +`BiB+H
/2MbBivX *Hmbi2`BM; Q7 MQ/2b BM i?2 M2irQ`F ?2HTb BM iiBMBM;  ?B2``+?B+H
bi`m+im`2X *Hmbi2`BM; K2+?MBbKb bii2/ BM i?2 HBi2`im`2 ?p2 #22M /2bB;M2/ iQ
+?B2p2 bQK2 //BiBQMH Tm`TQb2 T`i 7`QK +?B2pBM;  ?B2``+?B+H bi`m+im`2
bm+? b #2ii2` HQ/ #HM+BM;- 7mHi iQH2`M+2- M/ M2irQ`F +QMM2+iBpBiv (R)- (k)X
AM (j)- i?2 mi?Q`b ?p2 bii2/ i?i +Hmbi2`BM; M/ +Qp2`;2 b?QmH/ #2 +QMbB/@
2`2/ BM M BMi2;`i2/ KMM2` M/ MQi b BM/BpB/mH ii`B#mi2b BM `272`2M+2 iQ
M2irQ`F /2THQvK2MiX h?2 mi?Q`b ?p2 HbQ T`QTQb2/ M H;Q`Bi?K 7Q` *> 2H2+@
iBQMb M/ i?2`2#v +Hmbi2`BM; Q7 MQ/2b- #b2/ QM +Qp2`;2 T`QT2`iB2b UK2i`B+bV Q7
i?2 `2X >Qr2p2`- +Qp2`;2 BKT`Qp2K2Mi 72bB#H2 rBi? `2Q`;MBxiBQM Q7 i?2
MQ/2b ?b MQi #22M 2pHmi2/ b MQ/2 KQ#BHBiv Bb MQi +QMbB/2`2/ M/ HH MQ/2b
`2 +QMbB/2`2/ iQ #2 biiB+X *Qp2`;2 QTiBKBxiBQM rBi? `2HQ+iBM; Q7 KQ#BH2
MQ/2b ?b #22M T`2b2Mi2/ BM (9)- r?2`2BM i?2 MQ/2b `2 +Hmbi2`2/ #v KtBKmK
2Mi`QTv +Hmbi2`BM; K2i?Q/X Ai Bb ?Qr2p2` bbmK2/ i?i i?2 MQ/2b `2 r`2 Q7
i?2B` HQ+iBQM mbBM; ;HQ#H TQbBiBQMBM; bvbi2K U:SaV M/ i?2 +imH KQp2K2Mi
Q7 KQ#BH2 MQ/2b Bb MQi +QMbB/2`2/X  +Qp2`;2 T`2b2`pBM; +Hmbi2`BM; H;Q`Bi?K
?b #22M T`2b2Mi2/ BM (8)- +Hmbi2`b `2 7Q`K2/ bm+? i?i i?2`2 Bb KBMBKmK Qp2`@
HT #2ir22M i?2 +Hmbi2`bX +?B2pBM; +Qp2`;2 BKT`Qp2K2Mi M/ miBHBxBM; KQ#BH2
MQ/2b 7Q` i?Bb Tm`TQb2 ?p2 MQi #22M iF2M BMiQ +QMbB/2`iBQMX liBHBxBM; KQ@
#BH2 MQ/2b iQ KQMBiQ` i?2 Q++m``2M+2 Q7 M 2p2Mi- rBi? biiB+ MQ/2b 7mM+iBQMBM;
b ;mB/BM; rvTQBMib ?b #22M T`2b2Mi2/ BM (e)X h?2 +imH +Qbi BM+m``2/ 7Q`
i?2 KQp2K2Mi Q7 KQ#BH2 MQ/2b ?b MQi #22M +QMbB/2`2/ M/ i?2 KQ#BH2 MQ/2b
`2 bbmK2/ iQ ?p2  +QKKmMB+iBQM `M;2 irB+2 i?i Q7 i?2 biiB+ MQ/2bX
.vMKB+ +Hmbi2`BM; Bb +QMbB/2`2/ QMHv `QmM/ i?2 Q++m``2M+2 Q7  T?2MQK2MQM
M/ MQi +`Qbb i?2 `2bi Q7 i?2 M2irQ`F- /B`2+iBQM M/ 2ti2Mi Q7 `2HQ+iBQM Q7 KQ@
#BH2 MQ/2b `2 /2+B/2/ #b2/ QM +mKmHiBp2 pB`imH 7Q`+2 Q7 M2B;?#Qm`BM; MQ/2b
+iBM; QM i?2 KQ#BH2 MQ/2X liBHBxBM; KQ#BH2 MQ/2b 7Q` +Qp2`;2 BKT`Qp2K2Mi BM
 KQ#BH2 b2MbQ` M2irQ`F UJaLV ?b #22M T`2b2Mi2/ BM (d)- MQ/2b `2 +QMbB/2`2/
iQ #2 +QMiBMmQmbHv KQ#BH2 BM i?2 M2irQ`F M/ i?2`27Q`2 i?2 +Qp2`;2 iiBM2/
Bb /vMKB+- H2/BM; iQ  +2`iBM `2 +Qp2`2/ i  ;Bp2M BMbiMi Q7 iBK2 iQ #2
2tTQb2/ BM 7mim`2 M/ pB+2 p2`bX liBHBxBM; DmKTBM; KQ#BH2 MQ/2b iQ BKT`Qp2
i?2 +Qp2`;2 TQbbB#H2 7Q`  M2irQ`F /2THQv2/ BM BM?#Bi#H2 i2``BM ?b #22M
T`2b2Mi2/ BM (3)X >Qr2p2`- rBi? bm+? mb2 Q7 KQ#BH2 MQ/2b QMHv i2KTQ``v BM@
+`2K2Mi BM +Qp2`;2 Bb Q#iBM2/- //BiBQMHHv- i?2 Q`;MBxiBQM Q7 i?2 M2irQ`F
Bb MQi iF2M BMiQ ++QmMiX liBHBxiBQM Q7 KQ#BH2 MQ/2b 7Q` BKT`QpBM; +Qp2`;2
BM `2;BQMb rBi?BM i?2 QA i?i /Q MQi ?p2 Mv biiB+ MQ/2 ?b #22M T`2b2Mi2/
BM (N)X h?2 KQ#BH2 MQ/2b `2 2tT2+i2/ iQ `2HQ+i2 QMHv rBi? HQ+H BM7Q`KiBQM
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T`QpB/2/ #v biiB+ MQ/2b- ?Qr2p2`- HH MQ/2b `2 bbmK2/ iQ #2 r`2 Q7 i?2B`
+QQ`/BMi2bX JQ#BH2 MQ/2b `2HQ+iBM; BM  bi2T rBb2 KQiBQM iQ }HH pQB/ +2HHb ?b
#22M T`2b2Mi2/ BM (Ry)X h?2 KQ#BH2 MQ/2b `2 T`BK`BHv 2tT2+i2/ iQ b2`p2 7Q`
i`;2i +Qp2`;2 UBMi`mbBQM /2i2+iBQMV BM i?2 M2irQ`F- i?2B` `2H2pMi /2i2+iBQM
K2i`B+b `2 T`2b2Mi2/- #mi- i?2 Q`;MBxiBQMH bi`m+im`2 Q7 i?2 M2irQ`F ?b MQi
#22M +QMbB/2`2/X  bBKBH` i`;2i i`+FBM; Ui`;2i +Qp2`;2V K2i?Q/ mbBM; KQ@
#BH2 MQ/2b ?b #22M T`2b2Mi2/ BM (RR) #b2/ QM Mi +QHQMv QTiBKBxiBQMX h?2
mi?Q`b bbmK2 i?i i?2`2 `2 2MQm;? biiB+ MQ/2b iQ +Qp2` i?2 +QKTH2i2 QA-
M/ i?2 KQ#BH2 MQ/2b +M #2 mb2/ 7Q` i`;2i i`+FBM; Tm`TQb2 bQH2Hv rBi?Qmi
2tKBMBM; i?2 +?M;2b BM M2irQ`F +Qp2`;2 i?2B` `2HQ+iBQM Kv BM+m`X *>
2H2+iBQM +QMbB/2`BM; `2bB/mH 2M2`;v M/ KQ#BHBiv Q7 MQ/2b Bb T`2b2Mi2/ BM (Rk)-
bm+? i?i rBi? KQ#BHBiv Q7 MQ/2b- HBMFb rBi? MQM@+Hmbi2` MQ/2b M/ K2bb;2
i`MbKBbbBQM +M #2 bmbiBM2/X >Qr2p2`- i?2 mi?Q`b /Q MQi +QMbB/2` i?2 BM@
~m2M+2 Q7 MQ/2 KQ#BHBiv QM +Qp2`;2 M/ +QMbB/2` i?i HH MQ/2b `2 r`2 Q7
i?2B` HQ+iBQMX *Qp2`;2 BKT`Qp2K2Mi miBHBxBM;  ;HQrrQ`K br`K QTiBKBx@
iBQM U:aPV H;Q`Bi?K- +QMbB/2`BM; 2+? MQ/2 b  ;HQrrQ`K 2KBiiBM; Hm+B72`BM
UBHHmKBMiBM; bm#biM+2V Bb T`2b2Mi2/ #v i?2 mi?Q`b Q7 (Rj)- r?2`2 BMi2MbBiv Q7
i?2 Hm+B72`BM /2T2M/b QM i?2 /BbiM+2 #2ir22M i?2 MQ/2 M/ Bib M2B;?#Qm`bX h?2
MQ/2 Bb 2tT2+i2/ iQ KQp2 iQr`/b M2B;?#Qm`b 2KBiiBM; H2bb HB;?i M/ pB+2 p2`b
7Q` bi`QM;Hv BHHmKBMiBM; MQ/2bX h?2 mi?Q`b 2pHmi2 i?2 BKT+i Q7 p`BiBQM
BM b2MbQ` MQ/2b QM i?2 +Qp2`;2 iiBM2/ M/ i?2 BKT+i Q7 KQpBM; /BbiM+2
Q7  KQ#BH2 MQ/2X >Qr2p2`- i?2 T`QTQb2/ H;Q`Bi?K BM i?2 #bB+ b2Mb2 Bb M
mM/2`HvBM; pB`imH 7Q`+2 H;Q`Bi?K- M/ Bb i?2`27Q`2 bm#D2+i#H2 iQ HBKBiiBQMb
Q7 pB`imH 7Q`+2 #b2/ KQp2K2Mi Q7 MQ/2b b +Qp2`2/ BM i?2 T`2pBQmb +?Ti2`X
h?2 bi`m+im`H HvQmi Q7 i?2 M2irQ`F ?b MQi #22M bii2/ M/ HH MQ/2b `2
+QMbB/2`2/ iQ TQbb2bb KQ#BHBivX liBHBxBM;  #B//BM; T`QiQ+QH 7Q` /2i2`KBMBM;
i?2 KQ#BH2 MQ/2 i?i KQp2b iQ }HH BM  +Qp2`;2 ?QH2 M/ 2M?M+2 i?2 +Qp2`;2
?b #22M T`2b2Mi2/ BM (R9)X h?2 MHvbBb iF2b BMiQ ++QmMi i?2 BM~m2M+2 Q7
pB`imH 7Q`+2b #2ir22M i?2 KQ#BH2 MQ/2b M/ i?2 biiB+ MQ/2b- M/ Bi Bb HbQ
bbmK2/ i?i MQ/2b `2 r`2 Q7 i?2B` HQ+iBQMbX
AM i?2 +QMi`B#miBQM T`2b2Mi2/ BM i?Bb +?Ti2`- +Qp2`;2 BKT`Qp2K2Mi M/
+Hmbi2`BM; Q7 MQ/2b ?p2 #22M +QMbB/2`2/ +QHH2+iBp2HvX h?2 Q#D2+iBp2 Bb iQ `2HQ@
+i2 KQ#BH2 MQ/2b BM  KMM2` bm+? i?i i?2 +Hmbi2`BM; M/ *> 2H2+iBQM Bb /QM2
+QMbB/2`BM; i?2B` `2HQ+iBQM +iBpBiB2b- M/ `2HQ+iBQM Bb +``B2/ Qmi bm+? i?i
Qp2`HH M2irQ`F +Qp2`;2 Bb KtBKBx2/ (R8)X h?2 +QKT`BbQM #2ir22M `2Hi2/
rQ`F M/ i?2 T`2b2Mi2/ +QMi`B#miBQM #b2/ QM +2`iBM +`BiB+H 7+iQ`b ?b #22M
bmKK`Bx2/ BM h#H2 9XRX
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h#H2 9XR, *QKT`BbQM Q7 `2Hi2/ rQ`Fb M/ T`2b2Mi2/ +QMi`B#miBQM
6+iQ`b
*Qp2`;2
M/ +Hmbi2`@
BM;
GBKBi2/ KQ@
#BHBiv
GQ+HBxiBQM
b2`pB+2
miBHBx2/
>v#`B/ M2i@
rQ`F
*Hmbi2` ?2/ 2H2+@
iBQM +Qp2`;2
T`2b2`piBQM (j)
 × × ×
*Qp2`;2 QTiBKBx@
iBQM rBi? KtBKmK
2Mi`QTv +Hmbi2`BM;
(9)
 × × ×
qvTQBMi #b2/
MpB;iBQM (e)
  × ×
*Qp2`;2 BM KQ#BH2
b2MbQ` M2irQ`F (d) ×  × ×
*Qp2`;2 H2p2`;BM;
DmKTBM; ?2B;?i Q7
MQ/2b (3)
× × × 
.vMKB+ +Qp2`;2
BM ?v#`B/ M2irQ`F
(Ry)
×  × 
h`;2i i`+FBM; mb@
BM; KQ#BHBiv (RR) × × × 
h`;2i i`+FBM; mb@
BM; KQ#BHBiv (Rk) × × × 
*Qp2`;2 2M?M+2@
K2Mi #b2/ QM
br`K QTiBKBxiBQM
(Rj)
× × × ×
*Qp2`;2 BKT`Qp2@
K2Mi mbBM; KQ#BH2
MQ/2b (R9)
× ×  
8e
9Xj L2irQ`F M/ LQ/2 JQ#BHBiv JQ/2H
"b2/ QM i?2 Q#b2`piBQMb bii2/ BM i?2 T`2pBQmb +?Ti2` `2;`/BM; MmK#2` Q7
KQ#BH2 MQ/2b i?i `2 bm{+B2Mi 7Q` i?2 M2irQ`F- Bi Bb +QMbB/2`2/ i?i  KtB@
KmK Q7 8y W Q7 i?2 MQ/2b +M #2 KQ#BH2 UHvQmi Q7 i?2 M2irQ`F b?QrM BM 6B;X
9XRVX b bii2/ 2`HB2` BM *?Ti2` R Q7 i?2 i?2bBb- KQ#BH2 MQ/2b `2 +QMbB/2`2/
iQ TQbb2bb QMHv HBKBi2/ KQ#BHBiv M/ i?2`2 Bb MQ T`QpBbBQM Q7 :Sa Q` Qi?2` HQ@
+HBxiBQM K2+?MBbKbX HH MQ/2b BM i?2 M2irQ`F `2 +QMbB/2`2/ iQ #2 2[mH BM
QT2`iBQMH +T+Biv- 2t+2Ti 7Q` i?2 +imiBQM @ KQp2K2Mi +T+Biv TQbb2bb2/
#v KQ#BH2 MQ/2bX >Qr2p2`- Bi Bb +QMbB/2`2/ i?i i?2 MQ/2b +M /2i2`KBM2 i?2
1m+HB/2M /BbiM+2 #2ir22M i?2Kb2Hp2b- M/ `/BQ +QKKmMB+iBQM #2ir22M i?2
MQ/2b `2HB2b QM 7`22 bT+2 `/BQ T`QT;iBQM KQ/2HX *Qp2`;2 Q7 MQ/2b Bb `2T`2@
b2Mi2/ #v  #BM`v /BbF KQ/2H rBi? i?2 `/Bmb Q7 i?2 /BbF 2[mH iQ i?2 b2MbBM;
`M;2 Q7 i?2 MQ/2- Rs- +QMbB/2`2/ b 8 KX h?2 +QKKmMB+iBQM `M;2- Rc- Bb
+QMbB/2`2/ b irB+2 i?2 b2MbBM; `M;2- BX2X- Ry KX  bKTH2 MQM@mMB7Q`KHv
/2THQv2/ M2irQ`F Bb b?QrM BM 6B;X 9XRX
LQ/2 JQ#BHBiv JQ/2H
_2HQ+iBQM Q7 KQ#BH2 MQ/2b ?b #22M T`QTQb2/ #b2/ QM rvTQBMib- b ++2bb iQ
HQ+HBxiBQM K2+?MBbKb Bb MQi pBH#H2 iQ i?2 MQ/2b BM i?2 M2irQ`FX JQ#BH2
MQ/2b `2 `2HQ+i2/ #2ir22M +Hmbi2`b bm+? i?i i?2 KQ#BH2 MQ/2 ?b +T+Biv iQ
pQHmMi22` b  7mim`2 *> +M/B/i2 BM i?2 /2biBMiBQM +Hmbi2`X h?2 bBKmHiBQM
6B;m`2 9XR, LQM@mMB7Q`K M2irQ`F /2THQvK2Mi U+B`+H2 @ biiB+ MQ/2- #H+F +B`+H2 @
KQ#BH2 MQ/2- bi2`BbF @ +Hmbi2` ?2/- /BKQM/ BM +2Mi2` Q7 `2;BQM @ #b2 biiBQMV
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`2bmHib Q7 i?2 +imH /BbiM+2 i`p2`b2/ #v i?2 KQ#BH2 MQ/2b ?p2 #22M 2pHmi2/
+QMbB/2`BM; i?2 KQp2K2Mi +T+Biv Q7 _Q#QKQi2- i?i +M KQp2 7Q`  KtBKmK
Q7 ky KBMmi2b BM 7mHH KQiBQM M/ 7mHH #ii2`v- rBi?  bT22/ Q7 R8 +Kfb2+ M/ 
iQiH `M;2 Q7 R3y K (Re)X
9X9 *Qp2`;2 AKT`Qp2K2Mi J2+?MBbK
h?2 T`2b2Mi2/ K2+?MBbK +QKT`Bb2b Q7 irQ T?b2b, BV iQ Ki+? i?2 +Hmbi2`b
b bQm`+2 M/ /2biBMiBQM 7Q` BM/BpB/mH KQ#BH2 MQ/2b- M/ BBV /2i2`KBMiBQM Q7
rvTQBMib 7Q` M BM/BpB/mH KQ#BH2 MQ/2 7Q` MpB;iBM; 7`QK bQm`+2 iQ /2biBM@
iBQM +Hmbi2`X h?2b2 ?p2 #22M 2H#Q`i2/ BM i?2 7QHHQrBM; bm#@b2+iBQMbX
*Hmbi2` Ji+?BM;
*Qp2`;2 BKT`Qp2K2Mi Bb bQm;?i #v `2HQ+iBM; KQ#BH2 MQ/2b #2ir22M +Hmbi2`b
BM i?2 M2irQ`FX h?2 *>b `2 2H2+i2/ #b2/ QM 2t2+miBQM Q7 i?2 HQr@2M2`;v
/TiBp2 +Hmbi2`BM; ?B2``+?v UG1*>V T`QiQ+QH b bii2/ BM (j)- 2H2+iBQM Bb
#b2/ QM `2bB/mH 2M2`;v Q7 i?2 MQ/2bX 1+? MQ/2 BM i?2 M2irQ`F Bb ++QmMi2/
7Q` Bib +Qp2`;2 +QMi`B#miBQM iQ i?2 Qp2`HH M2irQ`F- #b2/ QM r?2i?2` i?2 MQ/2
?b M Qp2`HT rBi? /DQBMBM; MQ/2b BM i?2 M2irQ`F Q` MQiX JtBKmK +Qp2`;2
+QMi`B#miBQM Q7  MQ/2 Bb +QMbB/2`2/ b R M/ Bi /2+`2b2b rBi? i?2 MmK#2` Q7
Qp2`HTTBM; MQ/2UbV- M/ i?2 /2;`22 Q7 Qp2`HT U/BbiM+2V Q7 i?2 MQ/2UbV 7Q` 
+2`iBM ;Bp2M MQ/2 BM i?2 M2irQ`FX *Qp2`;2 +QMi`B#miBQM Q7 HH MQ/2b +QK#BM2/
Bb i?2 Qp2`HH +Qp2`;2 Q7 i?2 M2irQ`FX h?2 p`BQmb +Hmbi2`b BM i?2 M2irQ`F `2
+HbbB}2/ BMiQ i?`22 ivT2b #b2/ QM i?2 MmK#2` Q7 MQ/2b i?2v ?p2- M/ i?2
+mKmHiBp2 +Qp2`;2 +QMi`B#miBQM Q7 i?2 MQ/2b i?2v TQbb2bbX _2;BQMb rBi? QMHv
 *> `2 +HbbB}2/ b 2KTiv `2;BQMbc `2;BQMb rBi? QMHv  *> M/ biiB+ MQ/2b
b  MQ`KH 2KTiv `2;BQMc M/  `2;BQM rBi? #Qi? biiB+ M/ KQ#BH2 MQ/2b BM
i?2 +Hmbi2` b  MQ`KH `2;BQMX ++Q`/BM; iQ i?Bb +HbbB}+iBQM i?2 +Hmbi2`b `2
T`BQ`BiBx2/ b `2+BTB2Mib Q7 KQ#BH2 MQ/2b 7`QK i?2 +Hmbi2`b i?i +QmH/ T`QpB/2
i?2K `272``2/ b bmTTHB2`bX h?2 +imH BKTH2K2MiiBQM 7Q` Ki+?BM; i?2 +Hmbi2`b
Bb 2H#Q`i2/ i?`Qm;? ~Qr+?`ib b b?QrM BM 6B;X 9Xk M/ 6B;X 9XjX
qvTQBMib .2i2`KBMiBQM 7Q` _2HQ+iBM; JQ#BH2 LQ/2
am#b2[m2Mi iQ Ki+?BM; i?2 bQm`+2 M/ /2biBMiBQM +Hmbi2`b b MQ/2 bmTTHB2`b
M/ `2+BTB2Mib-  ;Bp2M KQ#BH2 MQ/2 Bb bbB;M2/ 7Q` `2HQ+iBQM iQ  bT2+B}+ +Hmb@
i2`X qvTQBMib `2 /2i2`KBM2/ bm+? i?i i?2v ;mB/2 i?2 bT2+B}+ KQ#BH2 MQ/2
7`QK i?2 bQm`+2 iQ /2biBMiBQM +Hmbi2`X h?2`27Q`2- i?2 ;QH Bb iQ KtBKBx2 i?2
MmK#2` Q7 rvTQBMib pBH#H2 iQ i?2 KQ#BH2 MQ/2 7Q` `2HQ+iBQM- KQ`2 i?2 MmK@
#2` Q7 rvTQBMib i?2 H2bb `M/QK rQmH/ #2 i?2 Ti? 7`QK bQm`+2 iQ /2biBMiBQM
+Hmbi2`X AMBiBHHv- i?2 MQ/2b i?i +M bbBbi i?2 KQ#BH2 MQ/2 `2 /2i2`KBM2/
b ?2HT2` MQ/2b BM bQm`+2 M/ /2biBMiBQM +Hmbi2`b- rvTQBMib `2 2H2+i2/ 7`QK
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6WDUW
&+ HOHFWHG EDVHG RQ /($&+
SURWRFRO
%URDGFDVW KHOOR PHVVDJH WR QRGHV
ZLWKLQ FRPPXQLFDWLRQ UDQJH
7KH QRGH KDV EHHQ DOORWWHG D
FOXVWHU KHDG
(QTXLUH WKH QHDUHVW QHLJKERU
DERXW WKHLU &+ DQG DVVLJQ WKH
VDPH IRU WKLV QRGHQR
7RWDO FRYHUDJH FRQWULEXWLRQ RI
UHJLRQ FRQWULEXWLRQ RI DOO QRGHV LQ
FOXVWHU  FOXVWHU KHDG&+
1RGH GHQVLW\  WRWDO QRGHV LQ D
FOXVWHU LQFOXGLQJ&+
'HWHUPLQH PRELOH QRGHV FRQWDLQHG
LQ FOXVWHU
,I QRGH GHQVLW\ RI FOXVWHU   5HJLRQ GHQRWHGDV KLJKHVW QHHGHU
,I QRGH GHQVLW\ !  DQG WRWDO
PRELOH QRGHV!
,I QRGH GHQVLW\! DQG WRWDO
PRELOH QRGHV  
5HJLRQ GHQRWHG
DV QRUPDO QHHGHU
5HJLRQ GHQRWHG
DV QRUPDO HPSW\
,I QRGH GHQVLW\WRWDO
FRYHUDJH FRQWULEXWLRQ 
5HJLRQ GHQRWHG
DV EDODQFHG
/RRS   WR QXPEHU RI
QRUPDO QHHGHU UHJLRQV
,I QRUPDO QHHGHU UHJLRQ KDV
PRUH WKDQ RQH PRELOH QRGH
ZLWK IXOO FRYHUDJH
1RPLQDWH RQH UDQGRP PRELOH QRGH
DV IXWXUH &+ GHFUHDVH FRXQW RI
PRELOH QRGH IRU UHJLRQ E\ 
$
\HV
\HV
\HV
\HV
QR
/RRS  WR WRWDO QXPEHU RI
QRGHV
'HWHUPLQH WKH FRYHUDJH
FRQWULEXWLRQ RI WKH QRGH EDVHG RQ
RYHUODS ZLWK QHLJKERU QRGHV
/RRS  WR QXPEHU RI
FOXVWHUV
QR
QR
\HV
\HV
QR
QR
6B;m`2 9Xk, Ji+?BM; Q7 +Hmbi2`b 7Q` `2HQ+iBM; KQ#BH2 MQ/2b
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/ĨĂŶǇŶŽƌŵĂůŶĞĞĚĞƌƌĞŐŝŽŶƐƚŝůůŚĂǀĞ
ŵŽďŝůĞŶŽĚĞĨŽƌƌĞůŽĐĂƚŝŽŶ
>ŝƐƚĂůůĚĞƐƚŝŶĂƚŝŽŶĐůƵƐƚĞƌƚŽďĞƐƵƉƉůŝĞĚ
ďǇƌĞƐƉĞĐƚŝǀĞŶŽƌŵĂůŶĞĞĚĞƌƌĞŐŝŽŶƐ
>ŝƐƚŵŽďŝůĞŶŽĚĞƐŶŽƌŵĂůŶĞĞĚĞƌƌĞŐŝŽŶ
ǁŝƐĞ
DĂƚĐŚŵŽďŝůĞŶŽĚĞƐƚŽĚĞƐƚŝŶĂƚŝŽŶ
ƌĞŐŝŽŶƐ͕ďĂƐĞĚŽŶĚŝƐƚĂŶĐĞďĞƚǁĞĞŶ
ŶŽƌŵĂůŶĞĞĚĞƌƌĞŐŝŽŶĂŶĚĚĞƐƚŝŶĂƚŝŽŶ
ƌĞŐŝŽŶ
ŶĚ
>ŽŽƉсϭƚŽŶƵŵďĞƌŽĨŚŝŐŚĞƐƚ
ŶĞĞĚĞƌĐůƵƐƚĞƌ
&ŝŶĚŵŝŶĚŝƐƚŶŽƌŵĂůŶĞĞĚĞƌƌĞŐŝŽŶŚĂǀŝŶŐ
ŵŽďŝůĞŶŽĚĞƐƚŽƐƵƉƉůǇ
^ƚŽƌĞƚŚĞŚŝŐŚĞƐƚŶĞĞĚĞƌƌĞŐŝŽŶŝŶůŝƐƚŽĨ
ĚĞƐƚŝŶĂƚŝŽŶƌĞŐŝŽŶƚŽďĞƐƵƉƉůŝĞĚďǇƚŚĞ
ƐƉĞĐŝĨŝĐŶŽƌŵĂůŶĞĞĚĞƌ
ĞĐƌĞĂƐĞƚŽƚĂůĂǀĂŝůĂďůĞŵŽďŝůĞŶŽĚĞƐŝŶ
ƐƉĞĐŝĨŝĐŶŽƌŵĂůŶĞĞĚĞƌƌĞŐŝŽŶďǇϭ
^ŝŵŝůĂƌƉƌŽĐĞƐƐĂƐŚŝŐŚĞƐƚŶĞĞĚĞƌ͕ĐŚĂŶŐĞĚ
ǁŝƚŚŶŽƌŵĂůŶĞĞĚĞƌĞŵƉƚǇ
>ŽŽƉсϭƚŽŶƵŵďĞƌŽĨ
ŶŽƌŵĂůŶĞĞĚĞƌƌĞŐŝŽŶƐ
&ŝŶĚŵŝŶĚŝƐƚĂŶĐĞƉĂŝƌƐďĞƚǁĞĞŶŶŽƌŵĂů
ŶĞĞĚĞƌƌĞŐŝŽŶƚŽĞǆĐŚĂŶŐĞŵŽďŝůĞŶŽĚĞƐ
ĞĐƌĞĂƐĞƚŽƚĂůŵŽďŝůĞŶŽĚĞƐĂǀĂŝůĂďůĞŝŶ
ƐŽƵƌĐĞŶĞĞĚĞƌƌĞŐŝŽŶďǇϭ
/ĨŚŝŐŚĞƐƚŶĞĞĚĞƌƌĞŐŝŽŶĞǆŝƐƚ
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>ŽŽƉсϭƚŽŶƵŵďĞƌŽĨŶŽƌŵĂů
ŶĞĞĚĞƌĞŵƉƚǇƌĞŐŝŽŶ
/ĨŶŽƌŵĂůĞŵƉƚǇƌĞŐŝŽŶƐĞǆŝƐƚ
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6B;m`2 9Xj, Ji+?BM; Q7 +Hmbi2`b 7Q` `2HQ+iBM; KQ#BH2 MQ/2b U+QMi/XV
ey
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
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3UREDEOHPRELOHQRGHSDWKEDVHGRQZD\SRLQWV
([SHFWHGGHVWLQDWLRQDUHDIRUPRELOHQRGH
2WKHUVHQVRUQRGHLQUHVSHFWLYHFOXVWHUV
6&+6RXUFH&OXVWHU+HDG
$1$OORWWHH1RGH
:3:D\SRLQW
'&+'HVWLQDWLRQ&OXVWHU+HDG
6B;m`2 9X9, Si? Q7 KQ#BH2 MQ/2 7QHHQrBM; rvTQBMib
KQM;bi i?2 ?2HT2` MQ/2bX h?Bb b2H2+iBQM Bb /QM2 bm+? i?i i?2`2 Bb i H2bi
QM2 rvTQBMi rBi?BM i?2 bQm`+2 M/ /2biBMiBQM +Hmbi2`X qvTQBMib Bbbm2 ?2HHQ
K2bb;2 BM TB`b UirQ rvTQBMibV bQ i?i i?2 KQ#BH2 MQ/2 +M TT`QtBKi2 Bib
KQp2K2Mi #b2/ QM `2+2Bp2/ bB;MH bi`2M;i? BM/B+iQ` U_aaAV- M/ i?2 rv@
TQBMib Bbbm2 KmHiBTH2 ?2HHQ K2bb;2bX  rvTQBMi #b2/ `2HQ+iBQM Q7 KQ#BH2
MQ/2 #2ir22M i?2 +Hmbi2`b Bb b?QrM BM 6B;X 9X9X
h?2 ?2HHQ K2bb;2b BM TB`b 2Mbm`2 i?i i?2 KQ#BH2 MQ/2 +M `2HB#Hv `2@
HQ+i2 #b2/ QM i?2K +QKT`2/ rBi? QMHv  bBM;H2 ?2HHQ K2bb;2 Bbbm2`X h?2
T`Q+2bb 7Q` rvTQBMi ;mB/BM; Bb i2`KBMi2/ r?2M i?2 KQ#BH2 MQ/2 Bb rBi?BM
i?2 +QKKmMB+iBQM `M;2 Q7 i?2 }MH rvTQBMiX *QMbB/2`BM; i?2 `2HB#BHBiv Q7
_aaA i?2 `2HQ+iBQM Bb T2`KBii2/ B7 /B`2+i /BbiM+2 #2ir22M i?2 KQ#BH2 MQ/2
M/ i?2 /2biBMiBQM *> Bb I e8 KX h?2 /2iBH2/ T`Q+2/m`2 7Q` /2i2`KBMiBQM
Q7 rvTQBMib ?b #22M 2H#Q`i2/ BM 6B;X 9X8X
9X8 _2bmHib M/ .Bb+mbbBQMb
aBKmHiBQM a2i@mT
h?2 bBKmHiBQM #b2/ 2pHmiBQM Q7 i?2 T`QTQb2/ K2+?MBbK ?b #22M +``B2/
Qmi BM JhG"X h?2 iQiH MmK#2` Q7 MQ/2b BM i?2 QA Bb p`B2/ BM BM+`2K2Mib
Q7 Ry 7`QK Ryy iQ R8y- M/ i?2 T`QTQ`iBQM Q7 KQ#BH2 MQ/2b iQ iQiH MQ/2b Bb
p`B2/ 7`QK RyW iQ 9yW BM BM+`2K2Mib Q7 RyWX h?2 QA +QMbB/2`2/ Bb  b[m`2-
eR
/RRS  WR WRWDO
PRELOH QRGHV
'HWHUPLQH SRWHQWLDO ZD\SRLQWV LQ
WKH PRELOH QRGH VRXUFH UHJLRQ
DQG GHVWLQDWLRQ FOXVWHU UHJLRQ
&DOFXODWH GLVW EHWZHHQ WKH PRELOH
QRGH DQG GHVWQ SRWHQWLDO
ZD\SRLQWV DQG VRUW LQ DVFHQGLQJ
RUGHU 6LPLODUO\ IRU SRWHQWLDO
ZD\SRLQWV LQ VRXUFH UHJLRQ
1RGH ZLWK PLQ GLVW LQ VRXUFH
UHJLRQ LV VRXUFH ZD\SRLQW
'HVWLQDWLRQ ZD\SRLQWV VXFK WKDW
GLVW IURP WKH PRELOH QRGH WKURXJK
VRXUFH UHJLRQ ZD\SRLQW WR GHVWQ
ZD\SRLQWV  GLVW EHWZHHQ PRELOH
QRGH LQ VRXUFH UHJLRQ DQG
GHVWLQDWLRQ &+
([WHUQDO ZD\SRLQWV QRGHV ZLWK
GLVW WR PRELOH QRGH DQG
GHVWLQDWLRQ ZD\SRLQWV 
([WHUQDO ZD\SRLQWV QRGHV ZLWK
GLVW WR PRELOH QRGH DQG GHVWLQDWLRQ
&+ 
,I GLVW RI WKH PRELOH QRGH DQG
GHVWQ &+  DQG H[WHUQ
ZD\SRLQWV  H[LVW
,I GLVW RI WKH PRELOH QRGH DQG
GHVWQ &+  DQG H[WHUQ
ZD\SRLQWV  H[LVW
:D\SRLQWV ^VRXUFH
ZD\SRLQWH[WHUQDO ZD\SRLQWV
GHVWLQDWLRQ
ZD\SRLQWVGHVWLQDWLRQ &+`
:D\SRLQWV ^VRXUFH
ZD\SRLQWH[WHUQDO ZD\SRLQWV 
GHVWLQDWLRQ
ZD\SRLQWVGHVWLQDWLRQ &+`
,I GLVW RI WKH PRELOH QRGH DQG
GHVWQ &+  QR H[WHUQDO
ZD\SRLQWV
:D\SRLQWV ^VRXUFH
ZD\SRLQW GHVWLQDWLRQ
ZD\SRLQWVGHVWLQDWLRQ &+`
,I GLVWDQFH RI WKH PRELOH QRGH
DQG GHVWLQDWLRQ &+ !
:D\SRLQWV ^VRXUFH
ZD\SRLQWVRXUFH &+`
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6B;m`2 9X8, .2i2`KBMiBQM Q7 rvTQBMib 7Q`  KQ#BH2 MQ/2
ek
BX2X- H×H- rBi? H 2[mH iQ Ryy KX h?2 T`2b2Mi2/ `2bmHib `2 K2M pHm2b 7Q` HH
T`K2i2`b Q#iBM2/ #b2/ QM 8y `mMb Q7 i?2 bBKmHiBQMX
aBKmHiBQM _2bmHib
"b2/ QM i?2 bBKmHiBQMb- Bi Bb rb Q#b2`p2/ i?i 7mHH +Qp2`;2 BM i?2 M2irQ`F
Bb iiBM2/ rBi? R8y MQ/2b /2THQv2/ BM i?2 QA- rBi? 9yW Q7 i?2 iQiH MQ/2b
b KQ#BH2 MQ/2bX h?Bb Bb BM HBM2 rBi? i?2 2tT2`BK2MiH Q#b2`piBQMb /`rM BM
*?Ti2` j `2;`/BM; i?2 ++2Ti#H2 T`QTQ`iBQM Q7 iQiH MQ/2b M/ KQ#BH2 MQ/2b
7Q`  ?v#`B/ b2MbQ` M2irQ`FX qBi? 9yW Q7 i?2 iQiH MQ/2b b KQ#BH2 MQ/2b-
i?2 +Qp2`;2 iiBM2/ Bb KQ`2 i?M NyW Qp2` i?2 +QKTH2i2 `M;2 Q7 p`BiBQM
BM iQiH MQ/2bX h?2b2 Q#b2`piBQMb ?p2 #22M b?QrM BM 6B;X 9Xe- HQM; rBi?
i?2 BMBiBH +Qp2`;2 iiBM2/ rBi? i?2 MQM@mMB7Q`K /2THQvK2Mi Q7 MQ/2bX h?2
KtBKmK /BbiM+2 KQp2/ #v  KQ#BH2 MQ/2 7Q` iiBMBM; i?2 `2bT2+iBp2 +Qp2`@
;2 BKT`Qp2K2Mi b?QrM BM 6B;X 9Xe ?b #22M b?QrM BM 6B;X 9Xd- M/ Bb BM i?2
`M;2 Q7 8R iQ dk KX 6m`i?2`- Bi +M #2 Q#b2`p2/ i?i i?2`2 Bb MQi  bB;MB}+Mi
/Bz2`2M+2 BM i?2 /BbiM+2 KQp2/ #v  ;Bp2M MQ/2 +QKT`2/ rBi? i?2 b?Q`i2bi
Ti? /BbiM+2 #2ir22M BMBiBH M/ /2biBMiBQM HQ+iBQM Q7 i?2 KQ#BH2 MQ/2X h?Bb
DmbiB}2b i?i i?2`2 Bb KBMBKH `M/QK KQp2K2Mi Q7 i?2 KQ#BH2 MQ/2b 7`QK i?2
bQm`+2 iQ /2biBMiBQM +Hmbi2` M/ i?i rvTQBMib `2 2z2+iBp2 BM ;mB/BM; i?2 KQ@
#BH2 MQ/2bX h?2 KtBKmK /BbiM+2 KQp2/ #v  KQ#BH2 MQ/2 Bb TT`QtBKi2Hv
QM2 i?B`/ Q7 i?2 KtBKmK /BbiM+2 i?i  _Q#QKQi2 +M KQp2X h?2 iQiH
/BbiM+2 KQp2/ #v HH i?2 KQ#BH2 MQ/2b iQ iiBM i?2 +Qp2`;2 BKT`Qp2K2Mi
6B;m`2 9Xe, *Qp2`;2 BKT`Qp2K2Mi rBi? `2HQ+iBM; KQ#BH2b MQ/2b
ej
6B;m`2 9Xd, JtBKmK /BbiM+2  bBM;H2 MQ/2 KQp2/ 7Q` +Qp2`;2 BKT`Qp2K2Mi
?b #22M b?QrM BM 6B;X 9X3X Ai `2T`2b2Mib i?2 bmKK2/ mT /BbiM+2 Q7 rv@
TQBMib 7QHHQrBM; i?2 MQ/2b 7`QK bQm`+2 iQ /2biBMiBQM +Hmbi2`X >Qr2p2`- Bi Bb iQ
#2 MQi2/ i?i b i?2 `2HQ+iBQM iQ i?2 /2biBMiBQM +Hmbi2` Bb i2`KBMi2/ r?2M
i?2 KQ#BH2 MQ/2 Bb rBi?BM i?2 +QKKmMB+iBQM `M;2 Q7 i?2 /2biBMiBQM +Hmbi2`
rvTQBMi- i?2 +imH /BbiM+2 KQp2/ #v  MQ/2 +M #2 H2bb i?M i?2 T`2b2Mi2/
/BbiM+2- #mi QM i?2 Qi?2` ?M/ bQK2 MQ/2b +M 2M+QmMi2` 2ti` `M/QK KQp2@
K2Mi r?BH2 7QHHQrBM; i?2 rvTQBMibX h?Bb DmbiB}2b i?2 iQiH /BbiM+2 KQp2/ #v
 KQ#BH2 MQ/2 iQ #2 +QMbB/2`2/ 7Q` i?2 /BbiM+2 mTiQ i?2 }MH rvTQBMiX Ai
b?QmH/ #2 MQi2/ i?i +imH #2?pBQ` Q7 i?2 MQ/2 BM `2bTQMb2 iQ _aaA ?b MQi
#22M iF2M BMiQ ++QmMi ?2`2- b Bi Bb +QMbB/2`2/ i?i `2HB#H2 _aaA `2+2TiBQM
iQ i?2 KQ#BH2 MQ/2 Bb 72bB#H2X h?Bb- ?Qr2p2`- `2[mB`2b Hi2`iBQMb iQ i?2 H;Q@
`Bi?K BM }2H/ 2tT2`BK2MiiBQM iQ iF2 BMiQ ++QmMi 2MpB`QMK2MiH BM~m2M+2 QM
i?2 _aaAX h?2 +Hmbi2` Ki+?BM; ?b  +2Mi`HBx2/ BKTH2K2MiiBQM b Bi Bb QMHv
7i2` /2i2`KBMBM; i?2 /Bbi`B#miBQM Q7 MQ/2b i?`Qm;?Qmi i?2 M2irQ`F BM p`BQmb
+Hmbi2`b- i?i  /2+BbBQM +M #2 K/2 `2;`/BM; i?2 bmTTHB2`b M/ `2+BTB2MibX
>Qr2p2`- QM+2  TB` Q7 +Hmbi2`b ?b #22M Ki+?2/ i?2`2 Bb /Bbi`B#mi2/ 2t2+m@
iBQM +`Qbb i?2 M2irQ`F- rBi? i?2 bQm`+2 M/ /2biBMiBQM +Hmbi2` +QQ`/BMiBM;
i?2 2t+?M;2 M/ KQp2K2Mi Q7 KQ#BH2 MQ/2bX
e9
6B;m`2 9X3, hQiH /BbiM+2 KQp2/ #v HH `2HQ+i2/ KQ#BH2 MQ/2b 7Q` +Qp2`;2
BKT`Qp2K2Mi
9Xe *QM+HmbBQMb
"b2/ QM i?2 2tT2`BK2MiiBQM Bi +M #2 +QM+Hm/2/ i?i `2HQ+iBM; KQ#BH2 MQ/2b
#2ir22M i?2 +Hmbi2` `2;BQMb #v rvTQBMib Bb M 2z2+iBp2 K2i?Q/ 7Q` +Qp2`;2
BKT`Qp2K2MiX h?2 K2i?Q/ DmbiB}2b i?i `2HQ+iBQM Q7 KQ#BH2 MQ/2b +M #2 +`@
`B2/ Qmi rBi?Qmi mb2 Q7 :Sa Q` Qi?2` HQ+HBxiBQM K2+?MBbKbX h?2 T`QTQb2/
K2i?Q/ HbQ /2KQMbi`i2b i?i +Hmbi2`BM; M/ +Qp2`;2 `2 +QKTH2K2Mi`v
ii`B#mi2b Q7  /2THQv2/ M2irQ`F M/ i?2`27Q`2 b?QmH/ #2 +QMbB/2`2/ BM  +QH@
H2+iBp2 KMM2`X AM i?2 T`QTQb2/ K2+?MBbK- i?2 G1*> T`QiQ+QH rb mb2/ 7Q`
2H2+iBQM Q7 i?2 *>bX _2HQ+iBQM Q7 KQ#BH2 MQ/2b ?b #22M THMM2/ bm+? i?i
i?2v +M pQHmMi22` b *>b BM i?2 /2biBMiBQM +Hmbi2`X  bBM;H2 KQ#BH2 MQ/2
Bb H27i #2?BM/ BM i?2 Q`B;BMH +Hmbi2` QMHv B7 Bi ?b  7mHH +Qp2`;2 +QMi`B#miBQM
M/ i?2`2 `2 Qi?2` KQ#BH2 MQ/2b #2BM; `2HQ+i2/ 7`QK i?i +Hmbi2`X am+? 
MQ/2 +M Qz2` iQ #2 miBHBx2/ 7Q` Qi?2` 7mM+iBQMHBiv bm+? b i`;2i i`+FBM; BM
i?2 M2irQ`FX h?2 G1*> T`QiQ+QH +M #2 `2TH+2/ rBi?  +Hmbi2`BM; T`QiQ+QH
i?i iF2b BMiQ ++QmMi i?2b2 ii`B#mi2b Q7 KQ#BH2 MQ/2b 7Q` 2H2+iBM; *>bX h?2
T`QTQb2/ K2+?MBbK //`2bb2b +QMbi`BMib R- k M/ 9 bii2/ BM i?2 T`Q#H2K
/2}MBiBQM Ua2+iBQM RX9VX *QMbi`BMi j ?b MQi #22M //`2bb2/- BX2X- /2THQvK2Mi
i2``BM +QM/BiBQMb ?p2 MQi #22M iF2M BMiQ +QMbB/2`iBQM 7Q` i?Bb T`QTQb2/
K2+?MBbK- M/ //`2bbBM; i?Bb +QMbi`BMi rBHH 2Mbm`2 7m`i?2` ++2Ti#BHBiv Q7
i?2 T`QTQb2/ K2+?MBbKX "b2/ QM i?2 T`QTQb2/ K2+?MBbK- 7QHHQrBM; i?2
BMBiBH /2THQvK2Mi- i?`22 M2irQ`F Q`;MBxiBQM bi2Tb +M #2, BV +Hmbi2`BM; i?2
MQ/2b iQ /2i2`KBM2 /Bbi`B#miBQM Q7 MQ/2b- BBV `2Q`;MBx2 i?2 MQ/2b iQ #HM+2
e8
+Hmbi2`b M/ BKT`Qp2 +Qp2`;2- M/ BBBVbm#b2[m2Mi 2H2+iBQM BM +Hmbi2`b iFBM;
BMiQ +QMbB/2`iBQM `2Q`;MBx2/ KQ#BH2 MQ/2bX
9Xd _272`2M+2b
(R) K22` ?K2/ ##bB M/ JQ?K2/ uQmMBbX  bm`p2v QM +Hmbi2`BM; H;Q@
`Bi?Kb 7Q` rB`2H2bb b2MbQ` M2irQ`FbX *QKTmi2` *QKKmMB+iBQMb- jy,k3ke
Ĝ k39R- kyydX
(k) uQm@*?BmM qM;- 6M;@CBM; qm- M/ um@*?22 hb2M;X JQ#BHBiv KM;2@
K2Mi H;Q`Bi?Kb M/ TTHB+iBQMb 7Q` KQ#BH2 b2MbQ` M2irQ`FbX qB`2H2bb
*QKKmMB+iBQMb M/ JQ#BH2 *QKTmiBM;- Rk,dĜkR- kyRkX
(j) aiMBbHp aQ`Q M/ q2M/B "X >2BMx2HKMX *Hmbi2` ?2/ 2H2+iBQM i2+?@
MB[m2b 7Q` +Qp2`;2 T`2b2`piBQM BM rB`2H2bb b2MbQ` M2irQ`FbX / >Q+ L2i@
rQ`Fb- d,N88 Ĝ Ndk- kyyNX
(9) sm2 qM;- CmMDB2 J- M/ a?2M; qM;X S`HH2H 2M2`;v@2{+B2Mi +Qp@
2`;2 QTiBKBxiBQM rBi? KtBKmK 2Mi`QTv +Hmbi2`BM; BM rB`2H2bb b2MbQ`
M2irQ`FbX CQm`MH Q7 S`HH2H M/ .Bbi`B#mi2/ *QKTmiBM;- eN,3j3 Ĝ 39d-
kyyNX
(8) w?BtBM GBm- ZBM;+?Q w?2M;- GBM; sm2- M/ sBMTBM; :mMX  /Bbi`B#mi2/
2M2`;v@2{+B2Mi +Hmbi2`BM; H;Q`Bi?K rBi? BKT`Qp2/ +Qp2`;2 BM rB`2H2bb
b2MbQ` M2irQ`FbX 6mim`2 :2M2`iBQM *QKTmi2` avbi2Kb- k3,d3y Ĝ dNy-
kyRkX
(e) X o2`K- >X arMi- M/ CBM/QM; hMX a2H2+iBQM M/ MpB;iBQM Q7 KQ#BH2
b2MbQ` MQ/2b mbBM;  b2MbQ` M2irQ`FX AM S2`pbBp2 *QKTmiBM; M/ *QK@
KmMB+iBQMb- kyy8X S2`*QK kyy8X h?B`/ A111 AMi2`MiBQMH *QM72`2M+2
QM- kyy8X
(d) "2MvmM GBm- PX .Qmbb2- SX LBM- M/ .X hQrbH2vX .vMKB+ +Qp2`;2 Q7
KQ#BH2 b2MbQ` M2irQ`FbX S`HH2H M/ .Bbi`B#mi2/ avbi2Kb- A111 h`Mb+@
iBQMb QM- k9,jyRĜjRR- kyRjX
(3) 6XCX *BMi`QM- EX SQM;HBm`- Jii qX JmiF- GB sBQ- CBM;mQ w?Q- M/
LBM; sBX G2p2`;BM; ?2B;?i BM  DmKTBM; b2MbQ` M2irQ`F iQ 2ti2M/ M2irQ`F
+Qp2`;2X qB`2H2bb *QKKmMB+iBQMb- A111 h`Mb+iBQMb QM- RR,R39yĜ
R39N- kyRkX
(N) h?2Q7MBbSX GK#`Qm- *?`BbiQb:X SMvBQiQm- aMiB;Q 62HB+B- M/ "H@
ib` "272`mHHX 1tTHQBiBM; KQ#BHBiv 7Q` 2{+B2Mi +Qp2`;2 BM bT`b2 rB`2H2bb
b2MbQ` M2irQ`FbXqB`2H2bb S2`bQMH *QKKmMB+iBQMb- 89URV,R3dĜkyR- kyRyX
ee
(Ry) h?Fb?BH qBKHD22r M/ am/?`KME Cvr22`X .Bbi`B#mi2/ M/ +QH@
H#Q`iBp2 MQ/2 KQ#BHBiv KM;2K2Mi 7Q` /vMKB+ +Qp2`;2 BKT`Qp2K2Mi
BM ?v#`B/ b2MbQ` M2irQ`FbX 1l_aAS CQm`M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(Rk) aX .2M;- CX GB- M/ GX a?2MX JQ#BHBiv@#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iBQM 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b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;2 rBi? b2MbQ`b Q7 HBKBi2/ KQ#BHBivX AM S`Q+22/BM;b Q7 i?2
2H2p2Mi? *J BMi2`M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.i *QHH2+iBQM #v
JBMBim`2 2`B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b /Bb+mbb2/ BM *?Ti2` k- KQ#BH2 MQ/2b +M #2 miBHBx2/ BM i?2 M2irQ`F iQ
bbBbi +2`iBM MQ/2b Q`  +2`iBM `2 BM i?2B` /i i`MbKBbbBQM iQ i?2 #b2
biiBQM U"aV Q` +QHH2+iBM; i?2 /i QM #2?H7 Q7 i?2 "ac 7mM+iBQMBM; b  KQ@
#BH2 `2Hv- KQ#BH2 "a Q`  /i KmH2X h?2b2 7mM+iBQMHBiB2b Q7 KQ#BH2 MQ/2b
/2`Bp2 7`QK i?2 7+i Q7 HBKBi2/ 2M2`;v `2bQm`+2b TQbb2bb2/ #v i?2 biiB+ MQ/2bX
h?2 QT2`iBQMH +QMbi`BMib TTHB+#H2 iQ KQ#BH2 MQ/2b ?p2 #22M /Bb+mbb2/
BM i?2 T`2pBQmb +?Ti2`bX AMbi2/ Q7 miBHBxBM; MQ/2 KQ#BHBiv 7Q` +``vBM; Qmi
7Q`2bB/ /i +QHH2+iBQM M/fQ` i`MbKBbbBQM ibFb- Qi?2` K2+?MBbKb 7Q` `2@
/m+BM; i?2 /i i`MbKBbbBQM +`Qbb i?2 M2irQ`F ?p2 HbQ #22M T`QTQb2/ #v
i?2 `2b2`+?2`bX h?2v +QKT`Bb2 Q7 BM@M2irQ`F +QKTmiiBQM i2+?MB[m2b Q7 /i
;;`2;iBQM- +QKT`2bbBp2 b2MbBM;- M/ M2irQ`F +Q/BM;X liBHBiv Q7 +iBp2 MQ/2
KQ#BHBiv M/ TbbBp2 MQ/2 KQ#BHBiv 7Q` BKT`QpBM; `2 +Qp2`;2- M/ //`2bb@
BM; /mH M2irQ`F ii`B#mi2b ?p2 #22M 2H#Q`i2/ BM *?Ti2` 9 M/ eX liBHBxBM;
?Qp2`BM; MQ/2b 7Q` b2MbBM; M/ +imiBQM Tm`TQb2b ?b #22M Tmi 7Q`r`/ iQ
//`2bb TTHB+iBQMb +QKKQMHv `272``2/ b 2`BH b2MbBM; M2irQ`Fb #mi MQi 7Q`
/i +QHH2+iBQMX h?2 /i +QHH2+iBQM K2+?MBbK T`2b2Mi2/ BM i?Bb +?Ti2` miB@
HBx2b KQ#BH2 MQ/2b b KBMBim`2 2`BH p2?B+H2b UJobVX Ai Bb `272``2/ b .*6Hv
iQ bvK#QHBx2 i?i Bi Bb  ~vBM; /i +QHH2+iBQM Jo (R)-(k)X .*6Hv #b2/ /i
+QHH2+iBQM +Qp2`b HH i?2 QT2`iBQMH +QMbi`BMib bii2/ BM i?2 T`Q#H2K /2}MBiBQM
Q7 i?Bb i?2bBb Ua2+iBQM RX9VX
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8Xk _2Hi2/ qQ`F
J2+?MBbKb 7Q` `2/m+BM; i?2 2M2`;v +QMbmKTiBQM BM i?2 M2irQ`F +M #2 #`Q/Hv
+i2;Q`Bb2/ BMiQ MQ/2 KQ#BHBiv M/ BM@M2irQ`F /i T`Q+2bbBM;X h?2 .*6Hv
#b2/ /i +QHH2+iBQM TT`Q+? +QHH2+iBp2Hv miBHBx2b #Qi? MQ/2 KQ#BHBiv M/ BM@
M2irQ`F T`Q+2bbBM;X
LQ/2 JQ#BHBiv
h?2 miBHBiv Q7 .*6Hv Bb bBKBH` iQ mb2 Q7 KQ#BH2 "a M/ /i KmH2 BM i?2 M2irQ`F
U`272``2/ BM i?Bb +?Ti2` b KQ#BH2 2[mBTK2Mi UJ1VVX h?2 J1 Bb 2tT2+i2/ iQ
pBbBi +2`iBM MQ/2b BM i?2 `2 Q7 BMi2`2bi UQAV U`272``2/ b /i +QHH2+iBQM
MQ/2bVX h?2 /i +QHH2+iBQM MQ/2b b2`p2 b bm#@bBMFb 7Q` Qi?2` /DQBMBM; MQ/2b-
i?Bb Bb b?QrM BM 6B;X 8X8UBVX h?2 mM/2`HvBM; Q#D2+iBp2 7Q` /i +QHH2+iBQM mbBM;
J1b Bb iQ KtBKBx2 i?2 /i +QHH2+i2/ i`p2`bBM; QM i?2 b?Q`i2bi Ti?X h?Bb
rv Bi Bb #bB+HHv  i`p2H bH2bKM T`Q#H2K UhaSV i?i Bb FMQrM iQ #2 LS
?`/X ++Q`/BM;Hv- i?2 J1 #b2/ TT`Q+?2b T`2b2Mi2/ BM i?2 `2Hi2/ HBi2`im`2-
//`2bb i?2 T`Q#H2K BM  ?2m`BbiB+ KMM2`X hQ //`2bb i?Bb T`Q#H2K Ti?
THMMBM; 7Q` J1b `2Hv QM b?Q`i2bi Ti? @ KBMBKH bTMMBM; i`22b M/ i?2B`
p`BiBQMbX AM //BiBQM- i?2 mM/2`HvBM; /2THQvK2Mi +QM/BiBQMb Q7 i?2 i2``BM
M/ i?2 HBF2HB?QQ/ Q7 2M+QmMi2`BM; M Q#bi+H2f?BM/`M+2 ?p2 MQi #22M iF2M
BMiQ ++QmMi (j)-(9)X  +Hmbi2` #b2/ Ti? THMMBM; TT`Q+? ?b #22M T`2b2Mi2/
#v mi?Q`b BM (8)- rBi? i?2 J1 ;mB/2/ #v +Hmbi2` ?2/b U*>bV BM i?2 QAX h?2
/pMi;2 Q7 ?B2``+?B+H bi`m+im`2 rBi? +Hmbi2` #b2/ Ti? THMMBM; Bb i?2`2
BM i?2 T`QTQb2/ K2+?MBbK- ?Qr2p2`- i?2 HBKBiiBQM HBF2Hv iQ #2 BKTQb2/ /m2
iQ ;`QmM/ i2``BM ?b MQi #22M +QMbB/2`2/X h?2 K2+?MBbK /Q2b MQi +QMbB/2`
QTiBKH +Hmbi2`BM; U2H2+iBQM Q7 *>bV ?b MQi #22M +QMbB/2`2/- rBi?Qmi QTiBKH
+Hmbi2`BM; U/Bb+mbb2/ BM a2+iBQM 8XjV i?2 M2irQ`F rQmH/ +QKT`Bb2 Q7 HQ+HBx2/
i`22b #2ir22M /i +QHH2+iBQM MQ/2b 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/DQBMBM; MQ/2bX
h?2 +QM+2Ti Q7 ~vBM; b2MbQ`b ?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b M 2`B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M 2`BH b2MbBM;
M2irQ`F +QKT`BbBM; ~Q+Fb Q7 Job 7Q` iKQbT?2`B+ b2MbBM; T`2b2M+2 Q7 iQtB+
THmK2 Q` bim/vBM; /Bbi`B#miBQM Q7 +?2KB+H /BbT2`bBQM ?b #22M T`2b2Mi2/ #v
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H b2MbQ`b ?p2 KBMmb+mH2 `2bQm`+2b 7Q` b2MbBM; b 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iBQM +QMbmK2b bm#biMiBH KQmMi Q7 2M2`;v `2bQm`+2b bBKBH` iQ i?2 Qi?2`
KQ#BH2 MQ/2 THi7Q`KbX h?2 .*6Hv b2`p2b b  /i +QHH2+iBQM ;2Mi UJ1V M/
i?2`27Q`2 HH i?2 2M2`;v `2bQm`+2b 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pBH#H2 7Q` +imiBQM UT`QHQM;BM; i?2
QT2`iBQMH HBKBiVX
AM@L2irQ`F S`Q+2bbBM;
h?2 /2THQv2/ qaLb `2 2tT2+i2/ iQ `2TQ`i i?2 b2Mb2/fKQMBiQ`2/ /i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i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KMM2`X _2T2i2/Hv `2H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i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b i?2v `2 2M2`;v +QMbi`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 +Hmbi2`2/ Q`;MBxiBQM- i?2 *> Bb `2bTQMbB#H2 7Q` +QHH2+iBM; M/ 7Q`r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i?2 /i QM #2?H7 Q7 HH MQ/2b BM Bib +Hmbi2` QMr`/ iQ i?2 /DQBMBM; *> Q` i?2
"a- /2T2M/BM; QM i?2 +Hmbi2`BM; T`QiQ+QHX h?2 b2MbQ` /i mbmHHv TQbb2bb2b
 +2`iBM KQmMi Q7 bTiBH M/ i2KTQ`H +Q``2H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H
/2THQvK2Mi Q7 b2MbQ` MQ/2b b2T`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`+i2`BbiB+- ;;`2;iBM; i?2 /i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`/BM; iQ i?2
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b #22M bm;;2bi2/ b  K2+?MBbK iQ KBiB;i2 i?2 M2;iBp2 2z2+i Q7 i`Mb@
72``BM; /i 7`QK BM/BpB/mH MQ/2bX .i ;;`2;iBQM K2+?MBbKb 2tTHQBiBM;
bTiBH M/ i2KTQ`H +Q``2HiBQM M/ miBHBxBM; /i ;;`2;iBQM 7mM+iBQMb bm+?
b bmK M/ p2`;2 ?p2 #22M Tmi 7Q`r`/ BM i?2 HBi2`im`2 (3)X T`i 7`QK
+Hmbi2` #b2/ /i ;;`2;iBQM- i`22 #b2/- M/ bi`m+im`2 7`22 /i ;;`2;iBQM
K2+?MBbKb ?p2 #22M Tmi 7Q`r`/ BM i?2 HBi2`im`2 (N)-(Ry)X
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i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`2KQpBM; bTiB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i- i?2`2#v +QKT`2bbBM; i?2 /i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i`MbKBii2/ iQ i?2 "a- M/ pQB/BM; i?2 `2[mB`2K2Mi 7Q` HH MQ/2b iQ i`MbKBi
i?2B` /i BM/BpB/mHHv (RR)X h?2 KQbi T`QKBM2Mi M2irQ`F +Q/BM; i2+?MB[m2 @
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b #22M /2KQMbi`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MbKBii2/ /i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Bb 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i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H +QKTmiiBQM +iBpBiv 7`QK i?2 MQ/2b iQ
i?2 "a- r?B+? Bb MQ`KHHv +QMbB/2`2/ MQi iQ #2 2M2`;v +QMbi`BM2/ (Rk)X *QK@
T`BbQM Q7 i?2 `2Hi2/ rQ`F rBi? i?2 .*6Hv #b2/ /i +QHH2+iBQM +QMbB/2`BM;
+2`iBM +`BiB+H T`K2i2`b ?b #22M bmKK`Bx2/ BM h#H2 8XRX
*QKT`2bbBp2 a2MbBM;
*QKT`2bbBp2 b2MbBM; Bb M 2K2`;BM; Hi2`MiBp2 TT`Q+? 7Q` //`2bbBM; i?2
2{+B2Mi /i +QHH2+iBQM M/ i`MbKBbbBQM Q7 /i BM qaLbX AM  rv- +QKT`2b@
bBp2 b2MbBM; +QK#BM2b i?2 TQbbB#H2 /pMi;2b Q7 /i ;;`2;iBQM M/ M2irQ`F
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h#H2 8XR, *QKT`BbQM Q7 `2Hi2/ rQ`Fb M/ T`2b2Mi2/ +QMi`B#miBQM
6+iQ`b
*QHH2+iBp2Hv
BM@M2irQ`F
T`Q+2bbBM;
M/ MQ/2
KQ#BHBiv
"a bi@
iBQM2/
rv
PT2`iBQM
QM mM@
/mHiBM;
;`QmM/
Job
7Q` /i
+QHH2+iBQM
JmHiB@?QT
+QKKm@
MB+iBQM
pQB/M+2
.i ;;`2;iBQM
TT`Q+? (N) × × × × ×
ai`m+im`2 7`22
/i ;;`2;iBQM
(Ry)
× × × × ×
aH2TBM qQH7
#b2/ /i +QH@
H2+iBQM (Rk)
× × × × ×
6HvBM; b2MbQ`b 7Q`
m`#M KQMBiQ`BM;
(e)
× ×  × 
6HvBM; MQ/2b
BM/QQ` 2K2`;2M+v
(d)
× ×  × 
*QKT`2bbBp2
b2MbBM; +2HH #b2/
(Rj)
× × × × ×
*Hmbi2` #b2/ J1
(8) × × × × ×
h`22 #b2/ J1
7Q` /i +QHH2+@
iBQM (9)
× × × × ×
+Q/BM; i2+?MB[m2bX liBHBxBM; +QKT`2bbBp2 b2MbBM; 7Q` /i ;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?b #22M T`QTQb2/ BM (R9)X AMbi2/ Q7  +QKT`2bb2/ b2MbBM; #b2/ TT`Q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TTHB2/ QM BM/BpB/mH MQ/2b- i?2 mi?Q`b BM (Rj) 2ti2M/ i?Bb TT`Q+? rBi? i?2
QA T`iBiBQM2/ BMiQ +2HHbX h?2 +2HH ?2/b `2 `2bTQMbB#H2 7Q` BKTH2K2MiBM;
+QKT`2bbBp2 b2MbBM; QT2`iBQMb QM i?2 /i `2+2Bp2/ 7`QK i?2 MQ/2b BM i?2B` `2@
bT2+iBp2 +2HHbX *QKT`2bbBp2 b2MbBM; i?2Q`v KF2b Bi 72bB#H2 7Q` +[mBbBiBQM M/
`2+QMbi`m+iBQM Q7 i?2 bB;MH #2HQr i?2 Lv[mBbi bKTHBM; `i2 UmM/2` bKTHBM;V-
b +QKT`2bbBp2 b2MbBM; `2HB2b QM bT`bBiv BM bB;MHb 7Q` i?Bb QT2`iBQM (RR)X
Pi?2` /2iBHb #Qmi +QKT`2bbBp2 b2MbBM; M/ Bib 2K2`;2M+2 b  bB;MH T`Q@
+2bbBM; i2+?MB[m2 7Q` mM/2` bKTH2/ bB;MH `2+QMbi`m+iBQM `2 T`2b2Mi2/ BM (RR)
M/ (R8)X lM/2` MQ`KH QT2`iBQM- MQ/2b 7Q`r`/ i?2 /i `2+2Bp2/ 7`QK 
M2B;?#Q`BM; MQ/2 iQ i?2 M2ti MQ/2 iQr`/b i?2 "a- BM //BiBQM iQ i?2B` QrM
;2M2`i2/ /iX >Qr2p2`- rBi? bm+? M TT`Q+?- i?2 `2HvBM; MQ/2b +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2t+2bbBp2 `/BQ +QKKmMB+iBQM i`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bBp2 b2MbBM; i?2 MQ/2b +QK#BM2 i?2B` K2bm`2K2Mib rBi?  `M/QK +Q2{+B2Mi
b22/- M/ b2M/ Bi iQ i?2 /DQBMBM; MQ/2 i?i /Q2b i?2 bK2 QM Bib K2bm`2@
K2Mib- M/ //b i?2 `M/QK pHm2 ;2M2`i2/ rBi? i?2 `M/QK pHm2 `2+2Bp2/
7`QK i?2 M2B;?#Q`BM; MQ/2X h?2`27Q`2- BMbi2/ Q7 BM/BpB/mH MQ/2 pHm2b- i?2
"a Q#i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)
CHopt
+ lCHoptE
Tx
elec + l(CHopt − 1)ERxelec
)
MU8XkkV
+M #2 `2T`2b2Mi2/ b 7QHHQrb,
ECH =
(
lERxelec
(
N
CHopt
− 1
)
+ lDA
N
CHopt
)
(M × CHopt)
+
(
lfsd
2
tofly + lE
Tx
elec
)
CHopt U8XkjV
6Q` i?2 bF2 Q7 +QKT`BbQM- Bi b?QmH/ #2 MQi2/ i?i *>b r2`2 `272``2/ b QTiB@
KmK +Hmbi2`b CHopt 7Q` i?2 2M2`;v +QMbmKTiBQM 2[miBQMb Q7 . M/ *a@.*
TT`Q+?2b- BX2X- iQ +QMbB/2` i?i B7 /2`Bp2/ QTiBKH +Hmbi2`b b T2` h#H2 8Xk
r2`2 iQ QT2`i2 mM/2` i?2b2 TT`Q+?2bX b bii2/ 2`HB2`- 7Q` i?2 +QKT`iBp2
2pHmiBQM  bBM;H2 `Qr Q7 +Hmbi2`b Bb +QMbB/2`2/- M/ i?2`27Q`2 ?H7 Q7 i?2 QT@
iBKH +Hmbi2`b /2`Bp2/ BM h#H2 8Xk `2 +QMbB/2`2/ ?2`2 b i?2 QTiBKH +Hmbi2`b
/2`Bp2/ `2 2tT2+i2/ iQ #2 +Qp2`2/ #v  .*6Hv BM irQ `QrbX h?2 pHm2b 7Q`
i?2 p`BQmb T`K2i2`b +QMbB/2`2/ BM i?2 7Q`2K2MiBQM2/ 2[miBQMb `2 ;Bp2M
3k
h#H2 8Xj, S`K2i2`b mb2/ 7Q` MHviB+H 2pHmiBQM
S`K2i2` oHm2
L 8y
ETxelec Ryy MCf#Bi
ERxelec Ryy MCf#Bi
CHopt/Nhps k-j-9-8-e
DA 8 MCf#BifbB;MH
dnextCH 9y K
dtoCH ky K
efs Ry TCf#Bifm2
H k8e #vi2b
M(CS −DC) 8
M(DCFly) k
plink yXy8-yXk
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6B;m`2 8Xj, 1M2`;v +QMbmKTiBQM T2` `QmM/ BM i?2 7Qm` TT`Q+?2b
3j
BM h#H2 8Xj h?2 pHm2 Q7 J UMmK#2` Q7 /i b2ibV `2[mB`2/ 7Q` `2+Qp2`BM;
i?2 +imH /i /2T2M/b QM i?2 MmK#2` Q7 MQ/2b L i?i `2 BM+Hm/2/ BM i?2
b2iX AM i?2 T`QTQb2/ .*6Hv K2+?MBbK- i?2 MmK#2` Q7 K2bm`2K2Mi b2ib `2@
[mB`2/ /2T2M/b QMHv QM  bBM;H2 +Hmbi2`- M/ ++Q`/BM;Hv- i?2 /Bz2`2M+2 BM J
U*a@.* M/ .*6HvV pHm2b b bii2/ BM h#H2 8XjX h?2 2M2`;v +QMbmK2/ 7Q`
QM2 `QmM/ Q7 /i +QHH2+iBQM 7Q` i?2 7Qm` TT`Q+?2b Bb b?QrM BM 6B;X 8XjX h?2
2M2`;v bpBM; /m2 iQ  bKHH2` J BM +QKT`BbQM iQ *a@.* BM .*6Hv Bb 2pB@
/2Mi- Hi?Qm;?- T2` `QmM/ 2M2`;v +QMbmKTiBQM 7Q` i?2 . TT`Q+? Bb H2bb BM
+QKT`BbQM iQ .*6Hv M/ *a@.*X >Qr2p2`- rBi? QM2 `QmM/- i?2 BM7Q`KiBQM
+QMp2v2/ Bb ?B;?Hv +QKT`2bb2/- M/ B7 i?2 +imH pHm2 7Q` HH MQ/2b rb iQ
#2 /2i2`KBM2/ Bi rQmH/ `2[mB`2 KmHiBTH2 `QmM/bX aBKBH`Hv- Bi +M #2 BM72``2/
#2ir22M .*6Hv U+QKT`2bbBp2 b2MbBM;V M/ .*6Hv@. UMQ +QKT`2bbBp2 b2MbBM;
@ ;;`2;i2/ /i i *>VX h?2`27Q`2- i?2 T`QTQb2/ TT`Q+? Bb KMB7QH/ KQ`2
2M2`;v 2{+B2Mi +QKT`2/ rBi? #Qi? *a@.* M/ . TT`Q+?2bX JmHiB@?QT
+QKKmMB+iBQM Bb bm#D2+i2/ iQ Ti? HQbb Q++m``BM; /m2 iQ 2MpB`QMK2Mi M/ QT@
2`iBQMH +QM/BiBQMb M/ HQbb Q7 T+F2ib M2+2bbBii2b `2@i`MbKBbbBQM- r?B+? Bb
?B;?Hv `2bQm`+2 BMi2MbBp2X h?2 7Qm` TT`Q+?2b +M #2 2pHmi2/ 7Q` TQbbB#H2
i`MbKBbbBQM 2``Q`b #b2/ QM i?2 7QHHQrBM; 2[miBQM (ky),
p = 1− (1− plink)Nhps U8Xk9V
q?2`2 p Bb i?2 T`Q##BHBiv Q7 2``Q` QM i?2 2MiB`2 Ti?c plink Bb i?2 T+F2i 2``Q`
`i2 Q7 M BM/BpB/mH HBMF- M/ Nhps Bb i?2 MmK#2` Q7 ?QTb QM i?2 Ti?X hrQ
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6B;m`2 8X9, h`MbKBbbBQM 2``Q` BM i?2 7Qm` 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TQbbB#H2 pHm2b `2 +QMbB/2`2/ ?2`2 7Q` 2pHmiBQM, yXy8 M/ yXky M/ #b2/ QM
i?2b2 pHm2b i?2 /Bz2`2M+2 Q7 i`MbKBbbBQM 2``Q` BM i?2 7Qm` TT`Q+?2b Bb b?QrM
BM 6B;X 8X9X aBM+2- BM/BpB/mH +Hmbi2`b /B`2+iHv `2Hv i?2B` /i iQ i?2 .*6Hv
r?2M Bi pBbBib i?2 +Hmbi2`- i?2 2z2+iBp2 MmK#2` Q7 ?QTb #2ir22M i?2 *> M/ i?2
.*6Hv Ui i?2 +Hmbi2`@?QTV `2KBMb +QMbiMi i QM2X h?Bb Bb HbQ TTHB+#H2 7Q`
i?2 .*6Hv@. TT`Q+?X h`MbKBbbBQM 2``Q`b /m2 iQ KmHiB@?QT /i i`Mb72`
`2 ++Q`/BM;Hv TTHB+#H2 iQ i?2 . M/ *a@.* TT`Q+?2bX
.*6Hv M/ J1, .i *QHH2+iBQM SQBMib *Qp2`2/
h?2 /i +QHH2+iBQM Ti? 7Q`  J1 Bb #bB+HHv /2i2`KBM2/ b i?2 b?Q`i2bi Ti?
+QMM2+iBM; i?2 /i +QHH2+iBQM TQBMibX b bii2/ 2`HB2`- i?2 KQbi +QKKQM
K2i?Q/ 7Q` /2i2`KBMBM; i?2 /i +QHH2+iBQM Ti? 7Q`  J1 `2Hv QM i?2 b?Q`i2bi
Ti?@KBMBKmK bTMMBM; i`22 M/ i?2B` p`BiBQMbX *QMbB/2`BM; i?2 M2irQ`F iQ
+QMbBbi Q7  +QKTH2i2 ;`T? :4Uo-1V- o Bb i?2 b2i Q7 /i +QHH2+iBQM TQBMib
M/ 1 Bb i?2 b2i Q7 2/;2b #2ir22M i?2 /i +QHH2+iBQM TQBMibX HbQ- H2i i?2 b2i
Q7 MQ/2b i?i b2`p2 b /i +QHH2+iBQMb TQBMib 7Q` i?2 pBbBiBM; J1 #2 J M/
i?2 b2i Q7 Qi?2` /DQBMBM; MQ/2b UK2K#2` MQ/2bV i?i /2HBp2` i?2B` /i iQ i?2
/i +QHH2+iBQM TQBMi #2 `2T`2b2Mi2/ #v LX h?2 TT`Q+?2b `2 BMi2M/2/ iQ #2
+QKT`2/ BM i2`Kb Q7 `iBQ Q7 /i +QHH2+iBQM TQBMib +Qp2`2/ #v i?2 pBbBiBM;
.*6HvfJ1 iQ i?2 H2M;i? Q7 i?2 .*6HvfJ1 Ti?X b bii2/ 2`HB2`- BM i?2
.*6Hv TT`Q+? i?2 MQ/2b `2 +QMbB/2`2/ iQ #2 +Hmbi2`2/ rBi? i?2 *> HQ+i2/
BM i?2 +2Mi`2 Q7  +B`+H2X h?2 /BbiM+2 i`p2`b2/ T2` +Hmbi2` Bb i?2 /BK2i2` Q7
i?2 +B`+H2 UirB+2 Q7 CHrad BX2X 9y KV Bb +QMbB/2`2/ 7Q` /2i2`KBMBM; i?2 MmK#2`
Q7 MQ/2b +Qp2`2/ pbX i?2 H2M;i? Q7 i?2 .*6HvfJ1 Ti?X h?2 p2`;2 MQ/2
/2;`22 U/V Bb ;Bp2M b (kR),
d =
nπR2c
A2
= μπR2c , U8Xk8V
r?2`2 M Bb i?2 MmK#2` Q7 MQ/2b- M/  i?2 H2M;i? Q7 i?2 QA- μ i?2 /2MbBiv Q7
MQ/2b Un/A2 VX 6Q` i?2 MmK2`B+H MHvbBb- i?2 7QHHQrBM; pHm2b `2 +QMbB/2`2/,
M 4 Ryy-  4 Ryy K- M/ μ 4 yXyRX h?2 p2`;2 MmK#2` Q7 MQ/2b BM  +Hmbi2`
Bb ;Bp2M b (kR),
Pc =
πk2R2c
A
2
, U8XkeV
r?2`2 F Bb i?2 MmK#2` Q7 ?QTb U+QMbB/2`2/ F 4 kV- bm#biBimiBM; 7`QK U8Xk8V 7Q`
/
Pc =
dk2
n
U8XkdV
h?2 p2`;2 bBx2 Q7  +Hmbi2` Bb i?2`27Q`2 (kR),
E(Nc) = nPc = dk
2 U8Xk3V
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.*6Hv #b2/ /i +QHH2+iBQM Bb +QKT`2/ rBi?  J1 KQpBM; #b2/ QM  KBMB@
KmK bTMMBM; i`22 M/ ai2BM2` KBMBKH i`22X .2i2`KBMBM; i?2 MmK#2` Q7 /i
+QHH2+iBQM TQBMib 7Q`  ;Bp2M b2i Q7 p2`iB+2b M/ 2/;2b Bb MQi /B`2+iHv 72bB#H2 7Q`
KBMBKmK bTMMBM; i`22 M/ ai2BM2` JBMBKH i`22- M/ 7Q` i?Bb `2bQM TT`Qt@
BKiBQM H;Q`Bi?Kb M/ ?2m`BbiB+ TT`Q+?2b ?p2 #22M +QMbB/2`2/X bbmKBM;
i?2 H2M;i? b2`p2/ #v i?2 J1 Bb G- M/ i?2 p2`;2 H2M;i? Q7 i?2 2/;2 +QMM2+iBM;
irQ p2`iB+2b b ledge- i?2M Lledge = w- r?2`2 r Bb MmK#2` Q7 2/;2b- M/ MmK@
#2` Q7 p2`iB+2b Bb rYRX AM i?2 +b2 Q7 i?2 ai2BM2` i`22 i?2 MmK#2` Q7 p2`iB+2b Bb
FMQrM b bQK2 TT`QtBKi2 TQBMib 7mM+iBQMBM; b ai2BM2` TQBMib (kk)X >Qr2p2`-
7Q`  ;Bp2M b2i Q7 TQBMib- S- QM i?2 1m+HB/2M THM2- i?2 H2M;i? Q7 i?2 ai2BM2`
KBMBKmK i`22 ULsV M/ i?2 H2M;i? Q7 KBMBKmK bTMMBM; i`22 Lm `2 `2Hi2/
b, Ls(P ) ≥ (
√
3/2)Lm(P )X h?2 BM2[mHBiv Bb `272``2/ b i?2 :BH#2`i@SQHHF
*QMD2+im`2 (kj)X *QMbB/2`BM; #Qi? i?2 bB/2b `2KQpBM; i?2 BM2[mHBiv b,
Ls(P ) = (
√
3/2)Lm(P ) U8XkNV
Ai Bb TT`QT`Bi2 iQ +QMbB/2` i?i MmK#2` Q7 p2`iB+2b 7Q` #Qi? i`22b Bb `2Hi2/
BM i?2 bK2 T`QTQ`iBQM b i?2 iQiH H2M;i?X h?2 p2`;2 H2M;i? Q7 i?2 2/;2
UledgeV Bb iF2M b Rs+Rc2 = 7.5 K- +QMbB/2`BM; i?i i?2 KBMBKmK H2;BiBKi2
/BbiM+2 #2ir22M irQ MQ/2b Bb Rs U2Hb2 i?2v Qp2`HTV M/ i?2 KtBKmK /BbiM+2
Bb Rc UKtBKmK +QKKmMB+iBQM `M;2VX h?2 BM~m2M+2 Q7 +?M;BM; i?2 iQiH
H2M;i? Bb b?QrM BM i?2 6B;X 8X8UBBV- M/ Bi +M #2 BM72``2/ 7`QK i?2 };m`2
i?i rBi? 2`BH /i +QHH2+iBQM 7`QK M QTiBKH +Hmbi2` HvQmi- i?2 MmK#2` Q7
MQ/2b +Qp2`2/ Bb KMB7QH/ ?B;?2` i?M i?2 ai2BM2` KBMBKH i`22 M/ KBMBKmK
bTMMBM; i`22X
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6B;m`2 8X8, BV .i +QHH2+iBQM Ti? M/ /2iQm` /m2 iQ Q#bi+H2 QM ledge BBV hQiH
MmK#2` Q7 /i +QHH2+iBQM TQBMib +Qp2`2/ BM `272`2M+2 iQ J1 Ti? H2M;i?
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6B;m`2 8Xe, U+HQ+FrBb2 7`QK H27i BV .*6Hv M/ J1 BM +HQb2 `Qmi2 Ti?- BBV .*6Hv
M/ J1 QM  bi`B;?i HBM2 Ti?- BBBV o`vBM; Pobs M/ Grough BM~m2M+2 QM J1
+QKT`2/ rBi? .*6Hv QM +HQb2/ Ti? BpV Pobs M/ Grough #b2/ J1 M/ .*6Hv
QM bi`B;?i Ti?
3d
.*6Hv M/ J1, 1M2`;v *QMbmKTiBQM M/ L2irQ`F
GB72iBK2
6Q` /i +QHH2+iBQM Tm`TQb2- i?2 J1 Bb 2tT2+i2/ iQ `2TQbBiBQM Bib2H7 BM i?2
T`QtBKBiv Q7 /i +QHH2+iBQM TQBMibX h?2 2M2`;v +QMbmKTiBQM 7Q` M BM/BpB/mH
MQ/2 Bb ;Bp2M b (9),
p ≈ e(lr + lt), U8XjyV
r?2`2 lr M/ lt `2T`2b2Mi i?2 MmK#2` Q7 #Bib `2+2Bp2/ M/ i`MbKBii2/- M/ 2
`2T`2b2Mib i?2 2M2`;v +QMbmKTiBQM T2` #BiX G2i λ `2T`2b2Mi i?2 /i ;2M2`iBQM
`i2 Q7 M BM/BpB/mH MQ/2 D /m`BM; QM2 /i +QHH2+iBQM `QmM/ Q7 i?2 J1- i?2M
l
j
t 4 ljr Y λ- r?2`2 l
j
t M/ ljr `2T`2b2Mi i?2 KQmMi Q7 /i i`MbKBii2/ M/
`2+2Bp2/ #v MQ/2 D ∈ N - r?2`2 HH MQ/2b `2 bbmK2/ iQ i`MbKBi i?2B` /i
iQ i?2 M2`2bi +QHH2+iBQM TQBMiX _2T`2b2MiBM; i?2 iQiH /i BM i2`Kb Q7 ?QT Bb
;Bp2M b,
N∑
j=1
ljr =
N∑
j=1
hjλ, U8XjRV
r?2`2 hj Bb i?2 HQr2bi MmK#2` Q7 ?QTb 7`QK i?2 MQ/2 iQ i?2 /2biBMiBQM +QHH2+@
iBQM TQBMiX h?2 iQiH 2M2`;v +QMbmKTiBQM Q7 i?2 MQ/2b Bb (9),
p =
N∑
j=1
pj ≈ e(ljr + ljt ) =
N∑
j=1
e(2ljr + λ) =
N∑
j=1
e(2hj + 1)λ U8XjkV
1H
WZR
UN
OLIH
WLP
H
QX
PE
HU
RI
URX
QG
V











 '&)O\&3DWK 
0(63DWK3 REV *URXJK P
0(&3DWK3 REV * URXJK P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6B;m`2 8Xd, L2irQ`F HB72iBK2 7Q` i?2 /Bz2`2Mi TT`Q+?2b
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>Qr2p2`- BM //BiBQM iQ i`MbKBiiBM; i?2 +QHH2+i2/ /i- /i +QHH2+iBQM TQBMib
`2 bbmK2/ iQ #2 `2bTQMbB#H2 7Q` J1 Ti? THMMBM;X 1+? /i +QHH2+iBQM
TQBMi Bb `2bTQMbB#H2 7Q` Bib irQ 2/;2b M/ +QHH2+iBp2Hv 7Q` HH 2/;2b- M/ i?2
2M2`;v +QMbmKTiBQM +M #2 ;Bp2M b 2M(e)X h?2 /i +QHH2+iBQM #v J1 Bb
T`QM2 iQ 2M+QmMi2`BM; Q#bi+H2b M/ ?BM/`M+2b QM ;`QmM/ i?i +M 7Q`+2 i?2
J1 BMiQ iFBM;  /2iQm` 7`QK i?2 b?Q`i2bi Ti? M/ M2+2bbBii2 //BiBQMH
+QKKmMB+iBQM Qp2`?2/ Ub?QrM BM 6B;X 8X8 UBVVX  J1 i`p2`bBM; QM i?2
;`QmM/ rBHH HbQ #2 ?KT2`2/ #v ;`QmM/ `Qm;?M2bb UmM/mHiBM; i2``BMV BM i?2
QA BM //BiBQM iQ TQbbB#H2 ?BM/`M+2 /m2 iQ Q#bi+H2b M/ ?BM/`M+2bX >Qr2p2`-
T`2/B+iBM; i?2 HBF2HB?QQ/ Q7 2M+QmMi2`BM; M Q#bi+H2 Q` i?2 2t+i KQmMi Q7
`Qm;?M2bb Q7 ;`QmM/ i2``BM Bb ?`/ iQ T`2/B+iX h?2 MQp2Hiv Q7 i?2 T`QTQb2/
.*6Hv Bb +2Mi`2/ QM Qp2`+QKBM; i?Bb mM/2`HvBM; HBKBiiBQM Q7 /i +QHH2+iBQM #v
;`QmM/@#b2/ J1X h?2`27Q`2- M TT`QT`Bi2 KQ/2H iQ iF2 BMiQ ++QmMi i?2
HBF2HB?QQ/ Q7 M Q#bi+H2 M/ ;`QmM/ i2``BM +QM/BiBQMb Bb M2+2bbBii2/X h?2
T`Q##BHBiv Q7 M Q#bi+H2 `2T`2b2Mi2/ Pobs +M #2 #b2/ QM i?2 ;2M2`H T`Q}H2
Q7 i?2 QA- M Q#bi+H2f?BM/`M+2 +QmH/ #2 Mvi?BM;- 2X;X-  #QmH/2`-  HQ; Q7
rQQ/- Q`  TQi?QH2 i?i HBKBib i?2 KQp2K2Mi QM i?2 b?Q`i2bi Ti? #2ir22M
i?2 +QHH2+iBQM TQBMibX h?2 ;`QmM/ `Qm;?M2bb +M #2 /2i2`KBM2/ #b2/ QM `/BQ
T`QTQ;iBQM Ti? HQbb `2HvBM; QM }MBi2 /Bz2`2M+2 iBK2 /QKBM U6.h.V MHvbBb
(k9)X ++Q`/BM;Hv- r2 T`QTQb2 M 2tT`2bbBQM i?i `2T`2b2Mib i?2 KQmMi Q7
Qp2`?2/ /m2 iQ Q#bi+H2b f ?BM/`M+2b M/ i?2 ;`QmM/ i2``BM U`Qm;?M2bbV b,
e(Pobs +Grough)ledgew, U8XjjV
r?2`2 Grough `2T`2b2Mib i?2 `Qm;?M2bb Q7 ;`QmM/ i2``BM- M/ r i?2 MmK#2` Q7
2/;2bX Grough rQmH/ #2 x2`Q QMHv 7Q` M #bQHmi2Hv H2p2HH2/ ;`QmM/- M/ Pobs
rQmH/ #2 x2`Q B7 i?2`2 Bb MQ Q#bi+H2 i HH- i?2`27Q`2 i?2 2tT`2bbBQM rQmH/ #2
x2`Q QMHv mM/2` B/2H +QM/BiBQMbX ++Q`/BM;Hv- i?2 Qp2`HH 2M2`;v +QMbmKTiBQM
#v HH /i +QHH2+iBQM TQBMi JUbV Bb,
Me(2hj + 1)λ+ 2M(e) + e(Pobs +Grough)ledgew U8Xj9V
h?2 2`BH /i +QHH2+iBQM 7Q` i?2 bK2 `Qmi2 rBHH- ?Qr2p2`- MQi 2M+QmMi2`
Mv Q#bi+H2bf?BM/`M+2b Q` BKT+i Q7 MQM H2p2HH2/ ;`QmM/X Ai Bb- ?Qr2p2`-
bbmK2/ i?i i?2 Ti? THMMBM; Bb i?2 bK2 7Q` J1 M/ .*6Hv U2bT2+BHHv
+Qp2`BM;  +HQb2/ B``2;mH` Ti? Uc−pathV BM i?2 QAVX 6Q` i?2 bF2 Q7 +QKT`@
BbQM i?2 /i +QHH2+iBQM TQBMib Q`;MBb2/ BM  bi`B;?i HBM2 `2 HbQ +QMbB/2`2/-
bbmKBM; i?i KQp2K2Mi +`Qbb  bi`B;?i HBM2 Ti? Us−pathV `2[mB`2b MQ Ti?
THMMBM;X h?2 J1 #b2/ /i +QHH2+iBQM Bb- ?Qr2p2`- biBHH BKT+i2/ #v i?2 Q#@
bi+H2b M/ ?BM/`M+2bX 1M2`;v +QMbmKTiBQM 7Q` HH J1UbV T`2b2Mi2/ BM U8Xj9V
+?M;2b 7Q` bi`B;?i HBM2 Ti? b,
Me(2hj + 1)λ+ e(Pobs +Grough)ledgew U8Xj8V
3N
6Q` .*6Hv- U8Xj8V Bb TTHB+#H2 BM #Qi? +@Ti? M/ b@Ti?X
6Q` i?2 MmK2`B+H MHvbBb- Bi Bb +QMbB/2`2/ i?i J 4 ky U+QMbiMi i?`Qm;?@
QmiV- M/ MmK#2` Q7 /DQBMBM; MQ/2b ULV p`vBM; #2ir22M k M/ eX HH +QH@
H2+iBQM TQBMib `2 +QMbB/2`2/ iQ ?p2 2[mH MmK#2` Q7 MQ/2bX Pobs Bb p`B2/
#2ir22M yXk M/ R BM BM+`2K2Mib Q7 yXk- M/ Grough #2ir22M 8 M/ k8K BM BM@
+`2K2Mib Q7 8X h?2 /i ;2M2`iBQM `i2 Q7 MQ/2b Bb λ 4 kyy #Tb M/ i?2 MQ/2b
`2 2tT2+i2/ iQ i`Mb72` /i 7Q` Ry b2+QM/b 7Q` 2p2`v /i +QHH2+iBQM `QmM/X
h?2 `/BQ 2M2`;v 7+iQ` Bb e = 0.5μJ - ledge Bb dX8 K M/ r Bb RNX Ai +M #2
Q#b2`p2/ 7`QK i?2 };m`2b i?i i?2`2 Bb HKQbi MQ /Bz2`2M+2 7Q` /i +QHH2+iBQM
#2ir22M .*6Hv M/ J1 U6B;X 8Xe UBV M/ UBBVV- b Pobs = 0.2 M/ Grough = 5
K `2 HQr- BX2X- yXyyyjd CX AM 6B;X 8Xe UBBBV- i?2 pHm2 7Q` .*6Hv #b2/ /i
+QHH2+iBQM Bb F2Ti +QMbiMi UJ4ky M/ L43yV M/ Bb +QKT`2/ rBi? +?M;2 BM
Pobs UF22TBM; Grough +QMbiMiV M/ pB+2 p2`b 7Q` GroughX AM +QKT`BbQM iQ
6B;X 8Xe UBV M/ UBBV- i?2 BM~m2M+2 Q7 BM+`2bBM; Pobs M/ Grough Bb 2pB/2Mi BM
6B;X 8Xe UBBBV M/ UBpVX "2ir22M i?2 irQ T`K2i2`b- i?2 2M2`;v +QMbmKTiBQM
Bb KQ`2 T`QMQmM+2/ BM i?2 +b2 Q7 Grough BM +QKT`BbQM iQ PobsX "b2/ QM i?2
};m`2b- Bi +M #2 BM72``2/ i?i /i +QHH2+iBQM mbBM; J1 QM Q#bi+H2 `B//2M M/
mM/mHiBM; i2``BM Bb KMB7QH/ ?B;?2` i?M 2`BH /i +QHH2+iBQMX h?2 BKT+i
QM i?2 M2irQ`F HB72iBK2 ?b #22M /2i2`KBM2/ +QMbB/2`BM; i?2 iQiH BMBiBH 2M2`;v
Q7 HH MQ/2b UJYL- BMBiBH 2M2`;v Q7 HH MQ/2b b ky CV- +QHH2+iBp2Hv- /BpB/2/ #v
i?2 2M2`;v +QMbmK2/ #v i?2 MQ/2b BM QM2 /i +QHH2+iBQM `QmM/- b?QrM BM 6B;X
8XdX h?2 /pMi;2 Q7 /i +QHH2+iBQM #v .*6Hv Bb KTHv 2pB/2Mi BM +QKT`BbQM
rBi? J1 #b2/ TT`Q+?2b- M/ Bi +M #2 +QM+Hm/2/ i?i rBi?  H`;2` MmK#2`
Q7 /i +QHH2+iBQM TQBMib M/ /DQBMBM; MQ/2b i?2 2z2+i Q7 ;`QmM/ `Qm;?M2bb
M/ Q#bi+H2f?BM/`M+2 #b2/ Qp2`?2/ #2+QK2 2p2M KQ`2 T`QMQmM+2/X
8Xd *QM+HmbBQMb
h?2 miBHBiv M/ 2z2+iBp2 `2HB#BHBiv Q7 /i +QHH2+iBQM #v .*6Hv BM +QKT`BbQM
iQ KmHiB@?QT /i +QHH2+iBQM- M/ MQ/2 KQ#BHBiv Q7  ;`QmM/ #b2/ J1 7Q` /i
+QHH2+iBQM Bb +H2`Hv 2pB/2MiX _2/m+2/ i`MbKBbbBQM 2``Q`b /m2 iQ pQB/M+2 Q7
KmHiB@?QT +QKKmMB+iBQM 7Q` BMi2`@+Hmbi2` +QKKmMB+iBQM- M/ i?2 TQbbB#BHBiv
Q7 i?2 "a biiBQM2/ /BbiMiHv rv 7`QK i?2 QA KF2 i?2 TT`Q+? ?B;?Hv
/2bB`#H2 7Q` mb2 BM TTHB+iBQMb i?i `2[mB`2 /2THQvK2Mi BM ?`b? M/ BM?#@
Bi#H2 +QM/BiBQMbX liBHBxBM; Job 7Q` /i +QHH2+iBQM BMbi2/ Q7 +iBp2 b2MbBM;
M/ KQMBiQ`BM; b T`QTQb2/ mbBM;  .*6Hv Qz2`b  ;`2i QTTQ`imMBiv 7Q` /@
pM+2K2Mi Q7 Job 7Q` mb2 BM qaLb- b HH i?2 7Q+mb Bb mbmHHv +QM+2Mi`i2/
HQM2 QM KFBM; i?2 +imiBQM Q7 Job KQ`2 2{+B2MiX lbmHHv i?2 /2bB;M Q7
Job ?b #22M +2Mi2`2/ QM b2MbQ`b i?i +M #2 +QmTH2/ iQ Jo T`i 7`QK
BKT`QpBM; i?2 Jo Bib2H7 BM i2`Kb Q7 +imiBQM 2{+B2M+vX 6m`i?2` rQ`F #b2/
QM i?2 T`QTQb2/ TT`Q+? BM+Hm/2b }M/BM; TQbbB#H2 TTHB+iBQMb T`i 7`QK
7Q`2bi KQMBiQ`BM; i?i +M #2M2}i 7`QK 2`BH /i +QHH2+iBQMX
Ny
8X3 _272`2M+2b
(R) SX Ji?m`- _X>X LB2Hb2M- LX_X S`b/- M/ _X S`b/X LQp2H 7`K2rQ`F
7Q` /i +QHH2+iBQM BM rB`2H2bb b2MbQ` M2irQ`Fb mbBM; ~vBM; b2MbQ`bX AM A111
/pM+2/ L2irQ`Fb M/ h2H2+QKKmM+iBQMb avbi2Kb ULhaV- kyR9X
(k) SX Ji?m`- _X>X LB2Hb2M- LX_X S`b/- M/ _X S`b/X .i +QHH2+iBQM
mbBM; KBMBim`2 2`BH p2?B+H2b BM rB`2H2bb b2MbQ` M2irQ`FbX A1h qB`2H2bb
a2MbQ` avbi2Kb- kyR8X
(j) :mQHBM; sBM;- hBM qM;- w?B?mB sB2- M/ q2BDB CBX _2M/2xpQmb THM@
MBM; BM rB`2H2bb b2MbQ` M2irQ`Fb rBi? KQ#BH2 2H2K2MibX JQ#BH2 *QKTmiBM;-
A111 h`Mb+iBQMb QM- d,R9jyĜR99j- kky3X
(9) a?mB :Q- >QM;F2 w?M;- M/ aDH EX .bX 1{+B2Mi /i +QHH2+iBQM
BM rB`2H2bb b2MbQ` M2irQ`Fb rBi? Ti?@+QMbi`BM2/ KQ#BH2 bBMFbX A111
h`Mb+iBQMb QM JQ#BH2 *QKTmiBM;- Ry,8NkĜey3- kyRRX
(8) *?2M;@6m *?Qm *?BM;@Cm GBM- SQ@GBM *?QmX >+//, >B2``+?B+H +Hmbi2`
#b2/ /i /Bbb2KBMiBQM BM rB`2H2bb b2MbQ` M2irQ`Fb rBi? KQ#BH2 bBMFX
AM AM Aq*J* Ƕye, S`Q+22/BM; Q7 i?2 kyye BMi2`MiBQMH +QM72`2M+2 QM
*QKKmMB+iBQMb M/ KQ#BH2 +QKTmiBM;- kyyeX
(e) E`i?BF .Mim- "`vM Ei2- CbQM qi2`KM- S2i2` "BHBb- M/ Jii
q2Hb?X S`Q;`KKBM; KB+`Q@2`BH p2?B+H2 br`Kb rBi? F`KX AM S`Q+22/@
BM;b Q7 i?2 Ni? *J *QM72`2M+2 QM 1K#2//2/ L2irQ`F2/ a2MbQ` avbi2Kb-
kyRRX
(d) Cm/2 HH`2/- ?K/ "BHH >bM- a`Q+? SMB+?bFmH- qBHHBK SBbMQ- S2@
i2` :`v- Cv? >mM;- _B+?`/ >M- .H2 Gr`2M+2- M/ EK`M JQ?b2MBX
a2MbQ`~Q+F, M B`#Q`M2 rB`2H2bb b2MbQ` M2irQ`F Q7 KB+`Q@B` p2?B+H2bX AM
AM S`Q+X *J 8i? AMi H *QM7X QM 1K#2//2/ L2irQ`F2/ a2MbQ` avbi2Kb
Ua1Laua kyydV- kyydX
(3) K22` ?K2/ ##bB M/ JQ?K2/ uQmMBbX  bm`p2v QM +Hmbi2`BM; H;Q@
`Bi?Kb 7Q` rB`2H2bb b2MbQ` M2irQ`FbX *QKTmi2` *QKKmMB+iBQMb- jy,k3ke
Ĝ k39R- kyydX
(N) "Q um- CBMx?QM; GB- M/ uBM;b?m GBX .Bbi`B#mi2/ /i ;;`2;iBQM
b+?2/mHBM; BM rB`2H2bb b2MbQ` M2irQ`FbX AM AL6P*PJ kyyN- A111- kyyNX
(Ry) >K2/ uQmb2}- JQ?KK/ >Qbb2BM u2;M2?- Lb2` HBM;?BTQm`- M/
HB JQp;?`X ai`m+im`2@7`22 `2H@iBK2 /i ;;`2;iBQM BM rB`2H2bb b2MbQ`
M2irQ`FbX *QKTmi2` *QKKmMB+iBQMb- j8UNV,RRjk Ĝ RR9y- kyRkX aT2+BH
Abbm2, qB`2H2bb a2MbQ` M/ _Q#Qi L2irQ`Fb, H;Q`Bi?Kb M/ 1tT2`BK2MibX
NR
(RR) *?QM; GmQ- 62M; qm- CmM amM- M/ *?M; q2M *?2MX 1{+B2Mi K2bm`2@
K2Mi ;2M2`iBQM M/ T2`pbBp2 bT`bBiv 7Q` +QKT`2bbBp2 /i ;i?2`BM;X
qB`2H2bb *QKKmMB+iBQMb- A111 h`Mb+iBQMb QM- N,jdk3Ĝjdj3- kyRyX
(Rk) w?2Mx?QM; >mM; M/ CmM w?2M;X  sH2TBM@wQH7 +Q/BM; #b2/ 2M2`;v@
2{+B2Mi +Hmbi2`BM; H;Q`Bi?K 7Q` /i ;;`2;iBQM BM rB`2H2bb b2MbQ` M2i@
rQ`FbX AM *QKKmMB+iBQMb UA**V- kyRk A111 AMi2`MiBQMH *QM72`2M+2
QM- kyRkX
(Rj) >B72M; w?2M;- a?BHBM sBQ- sBM#BM; qM;- M/ sBQ?m hBMX 1M2`;v
M/ Hi2M+v MHvbBb 7Q` BM@M2irQ`F +QKTmiiBQM rBi? +QKT`2bbBp2 b2MbBM;
BM rB`2H2bb b2MbQ` M2irQ`FbX AM AL6P*PJ- kyRk S`Q+22/BM;b A111- kyRkX
(R9) GmQ *?QM;- qm 62M;- amM CmM- M/ *?2M *?M; q2MX *QKT`2bbBp2
/i ;i?2`BM; 7Q` H`;2@b+H2 rB`2H2bb b2MbQ` M2irQ`FbX AM S`Q+22/BM;b
Q7 i?2 R8i? MMmH AMi2`MiBQMH *QM72`2M+2 QM JQ#BH2 *QKTmiBM; M/
L2irQ`FBM;- JQ#B*QK ǶyN- T;2b R98ĜR8e- L2r uQ`F- Lu- la- kyyNX
(R8) 1XCX *M/2b M/ JX" qFBMX M BMi`Q/m+iBQM iQ +QKT`2bbBp2 bKTHBM;X
aB;MH S`Q+2bbBM; J;xBM2- A111- k8,kRĜjy- kyy3X
(Re) LpB/ KBMB- HB`2x o?/iTQm`- q2MvQ sm- J`BQ :2`H- M/ JDB/
a``7x/2?X *Hmbi2` bBx2 QTiBKBxiBQM BM b2MbQ` M2irQ`Fb rBi? /2+2Mi`H@
Bx2/ +Hmbi2`@#b2/ T`QiQ+QHbX *QKTmi2` *QKKmMB+iBQMb- j8UkV,kyd Ĝ kky-
kyRkX
(Rd) qX"X >2BMx2HKM- XSX *?M/`FbM- M/ >X "HF`Bb?MMX M
TTHB+iBQM@bT2+B}+ T`QiQ+QH `+?Bi2+im`2 7Q` rB`2H2bb KB+`Qb2MbQ` M2i@
rQ`FbXqB`2H2bb *QKKmMB+iBQMb- A111 h`Mb+iBQMb QM- R,eeyĜedy- kyykX
(R3) >2HB+QTi2` 6HvBM; >M/#QQFX 62/2`H pBiBQM /KBMbi`iBQM- kyRkX
(RN) CX :Q`/QM G2Bb?KMX S`BM+BTH2b Q7 >2HB+QTi2` 2`Q/vMKB+bX *K#`B/;2
lMBp2`bBiv S`2bb- kyy8X
(ky) amKM "M2`D22 M/ `+?M JBb`X JBMBKmK 2M2`;v Ti?b 7Q` `2HB#H2
+QKKmMB+iBQM BM KmHiB@?QT rB`2H2bb M2irQ`FbX AM S`Q+22/BM;b Q7 i?2 j`/
*J AMi2`MiBQMH avKTQbBmK QM JQ#BH2 / >Q+ L2irQ`FBM; KTc
*QKTmiBM;- kyykX
(kR) JQmbi7 X uQmbb27- /2H uQmbb27- M/ JQ?K2/ 6X uQmMBbX Pp2`HTTBM;
KmHiB?QT +Hmbi2`BM; 7Q` rB`2H2bb b2MbQ` M2irQ`FbX A111 h`Mb+iBQMb QM
S`HH2H M/ .Bbi`B#mi2/ avbi2Kb- ky,R399ĜR38e- kyyNX
(kk) :mQHBM; sBM;- JBMKBM; GB- hBM qM;- q2BDB CB- M/ CmM >mM;X 1{@
+B2Mi `2M/2xpQmb H;Q`Bi?Kb 7Q` KQ#BHBiv@2M#H2/ rB`2H2bb b2MbQ` M2irQ`FbX
JQ#BH2 *QKTmiBM;- A111 h`Mb+iBQMb QM- RR,9dĜey- kyRkX
Nk
(kj) .X@wX .m M/ 6XEX >rM;X  T`QQ7 Q7 i?2 ;BH#2`i@TQHHF +QMD2+im`2 QM i?2
bi2BM2` `iBQX H;Q`Bi?KB+- dUR@eV,RkRĜRj8- RNNkX
(k9) _X_X P?b- CXqX a+?mbi2`- M/ hXuX 6mM;X 6mHH rp2 bBKmHiBQM Q7 `@
/BQrp2 T`QT;iBQM BM mMii2M/2/ ;`QmM/ b2MbQ` M2irQ`FbX AM _/BQ M/
qB`2H2bb avKTQbBmK- kyyNX _qa ǶyNX A111- kyyNX
Nj
N9
*?Ti2` e
liBHBxiBQM Q7 SbbBp2 LQ/2
JQ#BHBiv 7Q` CQBMi qaL
TTHB+iBQMb
eXR AMi`Q/m+iBQM
AM *?Ti2` j M/ 9- i?2 p`BQmb T`K2i2`b ;Qp2`MBM; +iBp2 MQ/2 KQ#BHBiv
M/ +Qp2`;2 BKT`Qp2K2Mi ?p2 #22M /Bb+mbb2/X LQ/2 KQ#BHBiv Bb Q7 irQ ivT2b,
+iBp2 M/ TbbBp2- #b2/ QM i?2 K2+?MBbKb i?2 KQ#BH2 MQ/2 miBHBx2b 7Q` KQp2@
K2MiX SbbBp2 MQ/2 KQ#BHBiv Bb /pMi;2Qmb BM +QKT`BbQM rBi? +iBp2 MQ/2
KQ#BHBiv b i?2`2 Bb MQ `2[mB`2K2Mi Q7 #ii2`v TQr2`2/ +imiBQMX >Qr2p2`-
TbbBp2 MQ/2 KQ#BHBiv +M MQi #2 +QMi`QHH2/ BM +QKT`BbQM iQ +iBp2 MQ/2 KQ@
#BHBiv- M/ /m2 iQ i?Bb +QMbi`BMi miBHBxBM; TbbBp2 MQ/2 KQ#BHBiv 2z2+iBp2Hv BM
i?2 M2irQ`F Bb +?HH2M;BM;X liBHBxBM; TbbBp2 MQ/2 KQ#BHBiv- i?2 TQbbB#H2 miBHBiv
Q7 KQ#BH2 MQ/2b BM b2MbQ` M2irQ`Fb `2 HBKBi2/ QMHv #v BK;BMiBQMX h?Bb +?T@
i2` T`2b2Mib miBHBiv Q7 MQ/2 KQ#BHBiv T`QpB/2/ i?`Qm;?  MQp2H /2THQvK2Mif+QH@
H2+iBQM ;2Mi iQ //`2bb irQ b22KBM;Hv MQM@`2Hi2/ TTHB+iBQMbX h?2 T`QTQb2/
K2+?MBbK BM i?Bb +?Ti2` +Qp2`b HH i?2 QT2`iBQMH +QMbi`BMib ;Qp2`MBM; i?2
MQ/2 KQ#BHBiv miBHBiv rBi?BM i?2 M2irQ`F b bii2/ BM i?2 T`Q#H2K /2}MBiBQM Q7
i?Bb i?2bBb Ua2+iBQM RX9VX
eXk _2Hi2/ qQ`F
SbbBp2 KQ#BHBiv Q7 KQ#BH2 MQ/2b ?b 2K2`;2/ +QMbB/2`BM; i?2 HBKBiiBQMb BK@
TQb2/ #v +iBp2 KQ#BHBiv BM i2`Kb Q7 ?B;? KQp2K2Mi +Qbi- M/ i?2 BM72bB#BHBiv
iQ KQp2 mM/2` +2`iBM +QM/BiBQMbX h?2 mi?Q`b BM (R) T`2b2Mi  ~QiBM; b2MbQ`
M2irQ`F 7Q` KQMBiQ`BM;  `Bp2` bvbi2K- r?2`2 KQp2K2Mi Q7 MQ/2b Bb ;Qp2`M2/
N8
#v ri2` +m``2MiX aBKBH`Hv- mM/2`ri2` +QmbiB+ b2MbQ` M2irQ`F UlaLV +QK@
T`BbBM; Q7 ~QiBM; b2MbQ`b 7mM+iBQMBM; b M BMi2`K2/B`v #2ir22M i?2 #b2
biiBQM U"aV M/ b2MbQ` MQ/2b i i?2 b2 #2/ ?b #22M 2H#Q`i2/ BM (k)X liB@
HBxBM; ~Qr Q7 ri2` 7Q` bi22`BM; b2MbBM; MQ/2b i?`Qm;?  TBT2HBM2 bvbi2K BM 
#mBH/BM; 7Q` KQMBiQ`BM; i?2 +QM/BiBQM ?b #22M 2H#Q`i2/ BM (j)X SbbBp2 MQ/2
KQ#BHBiv BM i?2 7Q`K Q7  KQ#BH2 bBMF {t2/ iQ KQpBM; i`BMb 7Q` +QHH2+iBM;
/i #Qmi bi`m+im`H ?2Hi? Q7 `BHrv #`B/;2b ?b #22M T`2b2Mi2/ BM (9)X
h?2 `2Hi2/ rQ`F Bb /Bb+mbb2/ BM irQ T`ib BV rBH/HB72 KQMBiQ`BM; M/ BBV
`BH BM7`bi`m+im`2 b i?2 T`QTQb2/ K2+?MBbK //`2bb2b i?2b2 irQ TTHB+iBQM
`2b BM  +QHH2+iBp2 KMM2`X
qBH/HB72 JQMBiQ`BM;
 rBH/HB72 KQMBiQ`BM; bvbi2K 7Q` mM/2`biM/BM; i?2 BMi2`+iBQM KQM; MBKHb
BM i?2B` 2+Qbvbi2K ?b #22M T`2b2Mi2/ BM (8)X .2i2`KBMBM; bQ+BH BMi2`+iBQM M/
HBpBM; Tii2`Mb Q7 1m`QT2M #/;2`b miBHBxBM; rB`2H2bb b2MbQ` M2irQ`F UqaLV
?b #22M T`2b2Mi2/ BM (e)X aBKBH`Hv- KQMBiQ`BM; r?Bi2 iBH /22` iQ H2`i Mv
/`biB+ +?M;2b BM Bib TQTmHiBQM Q` ?#BiiBQM ?#Bib ?p2 #22M 2H#Q`i2/
BM (d)X JQMBiQ`BM; KB;`iQ`v #B`/b bm+? b aB#2`BM +`M2- rBH/ im`F2vb M/
r?QQTBM; +`M2b i?`Qm;?  +2HHmH` #b2/ b2MbQ` M2irQ`F ?b #22M T`2b2Mi2/ BM
(3)X S`2p2MiBM; 2H2T?Mib iQ `2+? +HQb2 iQ ?mKM b2iiH2K2Mi M/ +mb2 /K;2
iQ b2iiH2K2Mi Q` +mHiBpi2/ +`QTb #v /2i2`KBMBM; i?2B` HQ+iBQMb BM `2HiBQM iQ
i?2 ?mKM b2iiH2K2Mi mbBM; M +QmbiB+ b2MbQ` M2irQ`F ?b #22M T`2b2Mi2/ BM
(N)X
_BH AM7`bi`m+im`2 JQMBiQ`BM;
h?2 `BH BM7`bi`m+im`2 +QMbiBimi2b +`BiB+H BM7`bi`m+im`2 Q7  MiBQM- +QMbB/@
2`BM; Bib BKK2Mb2 bB;MB}+M+2 Q7 +QMM2+iBM; 7` ~mM; `2b M/ +T+Biv iQ
i`MbTQ`i ?2pv 7`2B;?iX h?2 `BH BM7`bi`m+im`2 `mMb i?`Qm;? i?B+F 7Q`2bib-
i`2+?2`Qmb KQmMiBMQmb i2``BM- M/ +`Qbb KbbBp2 ri2` #Q/B2b T`i 7`QK
i`p2`bBM; i?`Qm;? TQTmHi2/ ?mKM b2iiH2K2Mi `2b- /m2 iQ i?Bb `BH BM7`b@
i`m+im`2 KQMBiQ`BM; Bb MQi bi`B;?i 7Q`r`/X AM i?2 2p2Mi Q7 Mv /K;2 iQ
i?2 `BH i`+F bi`m+im`2 i?2 `2TB` BMpQHp2b  +QKTH2t T`Q+2bb BM +QKT`BbQM iQ
`Q/ `2TB`bX AM //BiBQM- T`2/B+iBM; i?2 HBF2Hv /K;2 BM  7Q`2b22M 7mim`2 Bb
iQm;?2` BM `BH BM7`bi`m+im`2 #v T?vbB+H 2tKBMiBQM BM +QKT`BbQM rBi? KQM@
BiQ`BM; `Q/ +QM/BiBQMX .K;2 iQ i?2 `BH BM7`bi`m+im`2 +M H2/ iQ ?m;2 HQbb
Q7 HB72 M/ T`QT2`iv- B7 Bi ;Q2b mM/2i2+i2/- ?2`2 `BH BM7`bi`m+im`2 `272`b iQ QMHv
`BH i`+Fb M/ `BH +Q+? r?22HbX  MmK#2` Q7 K2+?MBbKb 7Q` KQMBiQ`BM; i?2
`BH BM7`bi`m+im`2 ?p2 TT2`2/ BM i?2 HBi2`im`2 //`2bbBM; p`BQmb bT2+ibX
*HbbB7vBM; i?2 `BH i`{+ M/ /2i2`KBMBM; `BH `F2 H2M;i? #b2/ QM pB#`iBQMb
BM/m+2/ BM `BH i`+Fb ?b #22M T`2b2Mi2/ #v i?2 mi?Q`b BM (Ry)X h?2 +HbbB@
}+iBQM Bb BMi2M/2/ iQ /2bB;M 7m`i?2` bQT?BbiB+i2/ bvbi2Kb 7Q` BM7`bi`m+im`2
Ne
KQMBiQ`BM; iFBM; BMiQ ++QmMi i?2 T`QT2`iB2b Q7 i?2 p`BQmb `BH i`{+ +Hbb2bX
_BH #`B/;2b `2  bB;MB}+Mi bT2+i Q7 i?2 `BH BM7`bi`m+im`2- KQMBiQ`BM; `BH
#`B/;2b M/ miBHBxBM; TbbBM; i`BMb b /i KmH2b 7Q` `2HvBM; i?2 b2Mb2/ /i
?p2 #22M T`2b2Mi2/ BM (RR)X b `BH BM7`bi`m+im`2 U?2`2 `BH #`B/;2bV `2 mbmHHv
`2KQi2Hv HQ+i2/ rBi? MQ TQbbB#BHBiv 7Q` `2HB#H2 +QKKmMB+iBM; i?2 b2Mb2/ /iX
aBKBH`Hv-  `BH BM7`bi`m+im`2 KQMBiQ`BM; bvbi2K ?b #22M T`QTQb2/ BM (Rk)-
r?2`2BM  qaL Bb BMi2M/2/ iQ rQ`F b M 2`Hv r`MBM; bvbi2KX h?2 T`QTQb2/
K2i?Q/ `2HB2b QM +QKKmMB+iBM; i?2 b2Mb2/ /i@r`MBM; bB;MHb i?`Qm;? qaL
;i2rv iQ i?2 `2H2pMi #+F@2M/ mi?Q`Biv mbBM; +QKKmMB+iBQM i?`Qm;? +2H@
HmH` HBMFb Q` }#2`@QTiB+H +#H2bX *QKT`BbQM #2ir22M i?2 `2Hi2/ rQ`Fb M/
i?2 T`2b2Mi2/ +QMi`B#miBQM ?p2 #22M bmKK`Bx2/ BM h#H2 eXRX
h#H2 eXR, *QKT`BbQM Q7 `2Hi2/ rQ`Fb M/ T`2b2Mi2/ +QMi`B#miBQM
6+iQ`b
SbbBp2
MQ/2
KQ#BHBiv
GBKBi2/
KQ#BHBiv
.mH T@
THB+iBQM
AMi2`+iBQM
KQM; MBKHb
M/ i?2B` 2+Qbvb@
i2K (8)
× × ×
hBH /22` TQTm@
HiBQM KQMBiQ`BM;
(d)
×  ×
1H2T?Mi KQMB@
iQ`BM; @ T`QtBKBiv
iQ ?mKM b2iiH2@
K2Mi (N)
× × ×
*HbbB7vBM; `BH
i`{+ M/ /2@
i2`KBMBM; `F2
H2M;i? (Ry)
× × ×
_BH BM7`bi`m+@
im`2 KQMBiQ`BM;
bvbi2K (Rk)
× × ×
*QHH2+iBp2Hv //`2bbBM; qBH/HB72 JQMBiQ`BM; M/ _BH
AM7`bi`m+im`2
P7i2M i?2 miBHBiv Q7 /2THQvBM; qaLb ?b #22M iQ //`2bb  bBM;H2 TTHB+iBQMX
h?2 /Bb/pMi;2 Q7 b2iiBM; mT i?2 +QKTH2i2 M2irQ`F BM7`bi`m+im`2 iQ //`2bb
 bBM;H2 TTHB+iBQM Bb i?i Bi M2+2bbBii2b b2iiBM; mT i?2 r?QH2 M2irQ`F HH
iQ;2i?2` ;BM 7Q` //`2bbBM; MQi?2` TTHB+iBQMX AM i?2 7Q`2bB/ irQ #`Q/
Nd
TTHB+iBQM `2b Q7 qaLb- Bi +M #2 Q#b2`p2/ i?i i?2 TTHB+iBQM i`;2i2/
#v /2THQvBM; i?2 M2irQ`F BMi2M/b iQ b2`p2  bT2+B}+ Tm`TQb2X >Qr2p2`- rBi?
+`27mH 2tKBMiBQM Bi +M HbQ #2 Q#b2`p2/ i?i +2`iBM TTHB+iBQMb `2 +HQb2Hv
`2Hi2/- 2X;X- qaLb 7Q` KQMBiQ`BM; MBKH 2+Qbvbi2Kb +QmH/ #2 miBHBx2/ 7Q`
KQMBiQ`BM; 7Q`2bibX AM  bBKBH` KMM2` i?2 irQ #`Q/ TTHB+iBQM `2b Q7
b2MbQ` M2irQ`Fb- BX2X- rBH/HB72 KQMBiQ`BM; M/ `BH i`+F KQMBiQ`BM; ?p2 #22M
+QMbB/2`2/ BM/2T2M/2MiHv BM i?2 HBi2`im`2X >Qr2p2`- i?2`2 `2 +QM/BiBQMb i?i
M2+2bbBii2  +QHH2+iBp2 +QMbB/2`iBQM Q7 i?2b2 irQ MQM@`2Hi2/ TTHB+iBQM `2b-
i?2b2 +QM/BiBQMb 7Q`K i?2 KQiBpiBQM 7Q` i?2 T`QTQb2/ TT`Q+?X
*QM/BiBQMb i?i 7Q`K i?2 #bBb 7Q` i?Bb +QHH2+iBp2 TT`Q+? iQ //`2bb i?2b2
irQ `2b `2 `2H2pMi bT2+B}+HHv BM i?2 AM/BM +QMi2tiX AM/B ?b  `BH bvb@
i2K bTMMBM; +`Qbb i?2 +QmMi`v- b2`pBM; b  TBpQiH HBMF 7Q` +QMM2+iBM; i?2
MQQF M/ +Q`M2` Q7 i?2 MiBQMX +`Qbb MmK2`Qmb TH+2b BM i?2 +QmMi`v- i?2 `BH
bvbi2K `mMb i?`Qm;? 7Q`2bib- bQK2 Q7 i?2b2 `2 `2b2`p2/ 7Q`2bi `2bX L2+2bbBiv
7Q` rBH/HB72 M/ ?#Bii KQMBiQ`BM; TTHB+iBQMb bi2Kb 7`QK i?2 7+i i?i KMv
rBH/HB72 bT2+B2b `2 2M/M;2`2/- M/ i?2`2 Bb  /`biB+ `Bb2 BM i?2 bT2+B2b 7+BM;
 2tiBM+iBQM i?`2iX AM/B Bb ?QK2 iQ i?2 2M/M;2`2/ bT2+B2b bBM 1H2T?Mi
U1H2T?b KtBKmbV KQM; KMv Qi?2`b- mM7Q`imMi2Hv BM i?2 Hbi +QmTH2 Q7
v2`b KMv 2H2T?Mib ?p2 #22M Qp2``mM #v bT22/BM; i`BMb BM bi`2i+?2b `mM@
MBM; i?`Qm;? `2b2`p2/ 7Q`2bi `2bX h?2 +QM+2`M2/ ;Qp2`MK2Mi mi?Q`BiB2b 7Q`
rBH/HB72 T`Qi2+iBQM M/ +QMb2`piBQM BM AM/B ?p2 `2T2i2/Hv `2+QKK2M/2/ iQ
i?2 `BHrv mi?Q`BiB2b 7Q` /2+`2bBM; i?2 bT22/ Q7 i`BMb `mMMBM; i?`Qm;? `2@
b2`p2/ 7Q`2bi `2bX >Qr2p2`- i?2 `BH mi?Q`BiB2b `2 MQi F22M QM HQr2`BM;
i?2 KtBKmK T2`KBbbB#H2 bT22/ HBKBib 7Q` i?2 i`BMb THvBM; i?`Qm;? `2b2`p2/
7Q`2bi `2b- b i?Bb rQmH/ BKT+i i?2B` Qp2`HH QT2`iBQMH iBKBM;b- Bi rQmH/
HbQ BM+`2b2 i?2B` QT2`iBQMH 2tT2M/Bim`2X PM i?2 Qi?2` ?M/- i?2 `BH m@
i?Q`BiB2b `2 BMi2`2bi2/ BM  `BH i`+F KQMBiQ`BM; bvbi2K i?i +M ?2HT i?2K BM
p2`iBM; M ++B/2Mi- BM i?2 2p2Mi Q7 BMi2MiBQMH /K;2 /QM2 iQ i?2 `BH i`+F
BM7`bi`m+im`2X h?2`27Q`2-  bvbi2K r?B+? +M ?2HT BM T`2p2MiBQM Q7 2H2T?Mib
#2BM; Qp2``mM #v i?2 i`BMb M/ KQMBiQ` i?2 `BH i`+F +QM/BiBQM i i?2 bK2
iBK2 Bb ?B;?Hv #2M2}+BHX aBM+2-  qaL /2THQv2/ iQ K22i i?2b2 TTHB+iBQMb
rQmH/ b2`p2 i?2 Q#D2+iBp2b Q7 i?2 +QM+2`M2/ mi?Q`BiB2b `2Hi2/ rBi? rBH/HB72
+QMb2`piBQM M/ `BH i`{+- #Qi? rQmH/ #2 rBHHBM; iQ bmTTQ`i Bib /2THQvK2Mi
BM KQM2i`v i2`KbX Ai b?QmH/ #2 MQi2/ i?i i?2 rBH/HB72 bT2+i Q7 i?2 T`QTQb2/
TT`Q+? Bb bii2/ b rBH/HB72 +QMb2`piBQM M/ MQi b rBH/HB72 KQMBiQ`BM; iQ
bi`2bb QM i?2 TQBMi i?i i?2 T`QTQb2/ TT`Q+? Bb BMi2M/2/ iQ T`2p2Mi 2H2T?Mib
/2i?b- M/ i?2`2#v BKTHB+BiHv +QMi`B#mi2 BM +QMb2`pBM; i?2KX
N3
eXj S`QTQb2/ TT`Q+?
h?2 T`QTQb2/ TT`Q+? iQ b2`p2 i?2 /mH Tm`TQb2 bii2/ 2`HB2` +QMbBbib Q7
2MiBiB2b i?i +QHH2+iBp2Hv 7Q`K i?2 Qp2`HH bvbi2K- 2MiBiB2b i?i 7Q`K i?2 bvbi2K
`2 b 7QHHQrb (Rj),
Ç +iBp2 b2MbBM; MQ/2b
Ç SbbBp2 b2MbBM; MQ/2b
Ç .2THQvK2Mi M/ /2HBp2`v ;2Mi
Ç _2;BQMH #b2 biiBQM
Ç JBMi2MM+2 M/ `2TB`
b BKTHB2/ #v i?2 MK2- +iBp2 b2MbBM; MQ/2b UaLbV `2 `2bTQMbB#H2 7Q` +``v@
BM; Qmi i?2 bB;MB}+Mi T`i Q7 b2MbBM; M/ KQMBiQ`BM; QT2`iBQM Q7 i?2 Qp2`HH
bvbi2KX h?2 aLb `2 TH+2/ QM #Qi? `BH i`+Fb U`272``2/ b H27i M/ `B;?i `BH
i`+FbV }`KHv bm+? i?i i?2v biv +H2` Q7 `BH i`+F `2 +Qp2`2/ #v i?2 `BH
r?22HX h?2 aLb `2 ?Qmb2/ BM  b2+m`2 T+F;2 iQ T`2p2Mi Mv HBF2Hv /K;2
iQ #2 +mb2/ #v b2p2`2 pB#`iBQMb BM/m+2/ BM i?2 `BH i`+F #v TbbBM; i`BMbX
h?2 aLb +QKT`Bb2 Q7  `/BQ i`Mb+2Bp2` mMBi- mHi`bQMB+ 2KBii2` Q` mHi`bQMB+
`2+2Bp2` UQMHv bQK2 aLb rBHH ?p2 #Qi? 2KBii2` M/ `2+2Bp2`VX h?2 /Bbi`B#m@
iBQM Q7 mHi`bQMB+ `2+2Bp2` M/ 2KBii2`b QM aLb Bb BMi2M/2/ iQ KBMBKBx2 i?2B`
+Qbi- M/ i?2 +Qbi Q7 i?2 Qp2`HH /2THQv2/ M2irQ`FX //BiBQMHHv- i?2 aLb
+QKT`Bb2 Q7  TB2xQ2H2+i`B+ +`vbiH i?i b2`p2b i?2 /mH Tm`TQb2 b M 2M2`;v
6B;m`2 eXR, >2`/ Q7 2H2T?Mi +`QbbBM; `BH i`+F BM M AM/BM 7Q`2bi
rBi? TbbBp2 b2MbBM; MQ/2b USaLbV U2M+B`+H2/V M/ T2`KBbbB#H2 rB/i? Q7
+QHH2+iBQM ;2Mi (R9)
NN
?`p2bi2` miBHBxBM; i?2 BM/m+2/ `BH pB#`iBQMb M/ 7Q` /2i2+iBM; i?2 QMb2i Q7 pB@
#`iBQMb- BX2X- /2i2+i i?2 T`2b2M+2 Q7 M TT`Q+?BM; i`BMX M +QmbiB+ b2MbQ`
b2imT QM i?2 aLb ?2HTb BM /2i2`KBMBM; Mv bQmM/ 2KBbbBQMb 7`QK i?2 SaLb-
M/ //BiBQMHHv aLb HbQ +QKT`Bb2 Q7 M BM7`bQMB+ bQmM/ 2KBii2`X h?2 aLb
`2 BMi2M/2/ iQ +QKKmMB+i2 rBi? 2+? Qi?2` M/ i?2B` +QKKmMB+iBQM `/Bmb
Rc Bb +QMbB/2`2/ b Rk KX h?2 miBHBiB2b Q7 aLb 7Q` /2i2``BM; 2H2T?Mib M/
KQMBiQ`BM; i?2 `BH ?2Hi? ?p2 #22M /Bb+mbb2/ BM BM/BpB/mH a2+iBQMb eX8 M/
eXe `2bT2+iBp2HvX
h?2 SaLb `2 MQi BMpQHp2/ BM +iBp2 b2MbBM;- M/ QMHv bbBbi i?2 aLb BM
i?2 Qp2`HH b2MbBM; KQMBiQ`BM; QT2`iBQMX h?2 SaLb `2 /2THQv2/ QM #Qi? bB/2b
Q7 i?2 `BH- QM i?2 `2;BQM +QKT`BbBM; i?2 #HHbi Q7 i?2 `BH i`+F b b?QrM BM
6B;X eXRX h?2 /2THQvK2Mi M/ +QHH2+iBQM T`Q+2bb Q7 i?2 i?2 SaLb ?b #22M /Bb@
+mbb2/ BM i?2 bm#b2[m2Mi b2+iBQMX h?2 2ti2`MH +bBM; Q7 SaLb Bb bm+? i?i Bi
`2b2K#H2b i?2 /DQBMBM; T2##H2b 7Q`KBM; i?2 #HHbi- i?2`27Q`2 i?2 +bBM; Q7 i?2
SaLb Bb B``2;mH` BM b?T2 M/ i2tim`2X >Qr2p2`- i?2 +bBM; ?b bm{+B2Mi `B;B/@
Biv iQ T`2p2Mi /K;2 iQ BMi2`MH +B`+mBi`v- //BiBQMHHv- i?2 +bBM; rQmH/ #2
K/2 Q7 B`QMX h?2 +bBM; ?Qmb2b  T`2bbm`2 #b2/ TB2xQ2H2+i`B+ +`vbiH- #miiQM
+2HH- iBK2` +B`+mBi- M/ bQmM/ 2KBii2` +B`+mBiX h?2 T`2bbm`2 #b2/ TB2xQ2H2+i`B+
+`vbiH Bb /Dmbi2/ iQ i?2 T`2bbm`2 HBF2Hv iQ #2 2t2`i2/ #v M 2H2T?Mi bi2TTBM;
QM Bi- H2/BM; iQ Bib +iBpiBQMX AM i?2 2p2Mi Q7 rBiM2bbBM;  /2bB`2/ 2ti2`MH
T`2bbm`2 QM i?2 SaL-  bQmM/ 2KBii2` #22Tb 7Q`  /m`iBQM b b2i BM i?2 BMi2`MH
iBK2` +B`+mBiX h?2 #miiQM +2HH T`QpB/2b Mv bmTTH2K2MiH TQr2` i?i +QmH/ #2
`2[mB`2/ #v i?2 bQmM/ 2KBii2`- BM //BiBQM- iQ i?i bmTTHB2/ #v T`2bbm`2 BM/m+2/
TB2xQ2H2+i`B+ +`vbiHX h?2 bQmM/ 2KBii2` Bb BMi2M/2/ iQ QT2`i2 i  7`2[m2M+v
`M;2 BMm/B#H2 iQ 2H2T?Mib b i?2 2KBii2/ bQmM/ Bb QMHv BMi2M/2/ iQ b2`p2 b
M BMTmi 7Q` i?2 +QmbiB+ b2MbQ` QM i?2 aLX
eX9 SbbBp2 JQ#BHBiv @ .2THQvK2Mi M/
*QHH2+iBQM ;2Mi
h?2 SaLb `2 /2THQv2/ HQM; i?2 `BH i`+F QM irQ bB/2b #v  `BH 2M;BM2 i?i
rQ`Fb b  /2THQvK2Mi M/ +QHH2+iBQM ;2MiX h?2 `BH 2M;BM2 ?b /BbT2MbBM;
im#2b QM 2Bi?2` bB/2 i?i bT`v i?2 SaLb QM i?2 `BH i`+FX  b2i Q7 7Qm`
/BbT2MbBM; im#2b rQmH/ 2Mbm`2  mMB7Q`K /Bbi`B#miBQM Q7 SaLb QM 2Bi?2` bB/2
Q7 i?2 `BH i`+F b b?QrM BM i?2 6B;X eXkX Ai +M #2 BMi2`T`2i2/ b TbbBp2
KQ#BHBiv Q7 i?2 SaLb- bBM+2 i?2B` miBHBiv BM i?2 Qp2`HH M2irQ`F QT2`iBQMb Bb
;Qp2`M2/ #v KQ#BHBiv Q7 i?2 `BH 2M;BM2- M/ i?2v `2 /2THQv2/ BM i?2 `2 Q7
BMi2`2bi UQAV #v BiX *QHH2+iBQM Q7 SaLb Bb +``B2/ Qmi mbBM;  MQp2H K2i?Q/
miBHBxBM; i?2 2H2+i`QK;M2iB+ T`BM+BTH2- B``2;mH` b?T2/ `B;B/ SaLb ?p2 M
Qmi2` B`QM +bBM;X 6Q` +QHH2+iBM; i?2 SaLb M 2H2+i`QK;M2iB+ #Q`/ Bb KQmMi2/
QM #Qi? bB/2b Q7 i?2 `2` +Q+? Q7 i?2 `BH `F2 `272``2/ b  ;m`/ +Q+?f#`F2@
pMX h?2 #Q`/ BM 7QH/2/ M/ mM7QH/2/ TQbBiBQM ?b #22M b?QrM BM i?2 6B;X
Ryy
6B;m`2 eXk, _BH 2M;BM2 @ /2THQvK2Mi ;2Mi
aT`vBM; im#2b U2M+B`+H2/V(R8)
6B;m`2 eXj, 1H2+i`QK;M2iB+ #Q`/ b +QHH2+iBQM ;2Mi QM ;m`/ +Q+?f#`F2@
pM
RyR
eXjX qBi? i?2 Tbb;2 Q7 +m``2Mi BM i?2 mM7QH/2/ TQbBiBQM i?2 SaLb +HBM; rBi?
i?2 #Q`/ /m2 iQ K;M2iB+ ii`+iBQMX am#b2[m2Mi iQ +QHH2+iBM; i?2 SaLb i?2
#Q`/ `2i`+ib iQ 7QH/2/ TQbBiBQM M/ +m``2Mi bmTTHv rQmH/ #2 biQTT2/- /m2
iQ i?Bb i?2 SaLb +QHH2+i BM  #; bmbT2M/2/ mM/2` i?2 `2i`+i2/ TQbBiBQM Q7
i?2 #Q`/X b i?2 irQ Bbbm2b i?i `2 #2BM; //`2bb2/ i?`Qm;? i?2 T`QTQb2/
TT`Q+? `2 BM AM/BM +QMi2ti- /BK2MbBQMb M/ Qi?2` QT2`iBQMH 72im`2b Q7
`BH BM7`bi`m+im`2 +QMbB/2`2/ ?2`2 `2 TTHB+#H2 BM i?2 AM/BM +QMi2tiX h?2
rB/2Hv mb2/ `BH ;m;2 BM AM/B `272``2/ b #`Q/ ;m;2 ?b  rB/i? Q7 Reyy KK-
KtBKmK rB/i? Q7 2H2+i`QK;M2iB+ #Q`/ Bb kRj8 KK 7`QK i?2 +2Mi2` Q7 i?2 `BH
i`+F Q` Rjj8 KK 7`QK i?2 2/;2 Q7 i?2 `BH b T2` i?2 QT2`iBQMH `2[mB`2K2Mi
7Q` KQpBM; `BH BM7`bi`m+im`2 (Re)X h?Bb KtBKmK T2`KBbbB#H2 rB/i? `2bi`B+iBQM
Bb BKTQb2/ b i?2 `BH i`+F ?p2 bB;MHHBM; M/ 2H2+i`B+ i`MbKBbbBQM }tim`2b BM
T`QtBKBiv iQ i?2 `BH i`+FbX >Qr2p2`- i?2 rB/i? Q7 i?2 2H2+i`QK;M2iB+ #Q`/
rQmH/ #2 bm{+B2Mi iQ +Qp2` i?2 BMi2M/2/ `2 QM 2Bi?2` bB/2 Q7 i?2 i`+F- BX2X-
#HHbi `2;BQM Q7 i?2 `BH i`+FX h?2 /2THQvK2MifbT`vBM; Q7 SaLb +M #2 /QM2
#v Mv `BH 2M;BM2 TmHH2/ i`BM TbbBM; i?`Qm;? i?2 /2bB;Mi2/ QA- +QHH2+iBQM
rBHH QMHv #2 /QM2 #v bHQr2` KQpBM; i`BMb @ ;QQ/b i`BM- i?Bb Bb M2+2bbBii2/ b
+QHH2+iBQM Q7 SaLb mbBM; 2H2+i`QK;M2iB+ T`BM+BTH2 Bb MQi BMbiMiM2Qmb M/ 
bHQr2` KQpBM; i`BM +QKTH2K2Mib i?Bb ii`B#mi2X 6`2B;?i i`BMb `2 2tT2+i2/ iQ
#2 miBHBx2/ 7Q` i?Bb Tm`TQb2 b i?2v ?p2  HQr2` bM+iBQM2/ QT2`iBQMH bT22/
HBKBi BM +QKT`BbQM iQ Tbb2M;2` i`BMbX  iBK2 /Bz2`2M+2 Q7 Rk ?Qm`b #2ir22M
i?2 /2THQvK2Mi M/ +QHH2+iBQM Q7 SaLb rBHH #2 KBMiBM2/ +QMbB/2`BM; i?2B`
TQbbB#H2 QT2`iBQMH HBKBibX _2+QHH2+i2/ SaLb `2 2tKBM2/ 7Q` Mv TQbbB#H2
/K;2- M/ bm#b2[m2Mi iQ `2+iB}+iBQM Q7 TQbbB#H2 /K;2 i?2 +QHH2+i2/ SaLb
+M #2 `2/2THQv2/ BM i?2 QAX _2+QHH2+iBQM Q7 /2THQv2/ SaLb M/ `2/2THQvK2Mi
T`2p2Mi 2t+2bbBp2 ++mKmHiBQM Q7 i?2 SaLb BM i?2 #HHbi `2;BQM Q7 i?2 `BH
i`+FbX
eX8 qBH/HB72 *QMb2`piBQM
b bii2/ 2`HB2`- QM2 Q7 i?2 Tm`TQb2b Q7 i?2 +QK#BM2/ TT`Q+? Bb iQ T`Qi2+i
2H2T?Mib 7`QK #2BM; Qp2``mM #v bT22/BM; i`BMbX b M 2H2T?Mi bi2Tb QM
 TbbBp2 b2MbBM; MQ/2 USaLV Bi +iBpi2b i?2 bQmM/ 2KBii2`X h?2 2KBii2/
bQmM/ Bb BM i?2 7`2[m2M+v `M;2 Rk E>x iQ ky E>x b i?Bb `M;2 Bb BMm/B#H2 iQ
2H2T?Mib Um/B#H2 iQ ?mKMbVX h?2 2KBii2/ bQmM/ Bb KBMiBM2/ BM  7`2[m2M+v
BMm/B#H2 iQ i?2 2H2T?Mib- b Bi Bb BMi2M/2/ iQ +i QMHv b M BMTmi iQ i?2
aLb- //BiBQMHHv- i?2 2KBii2/ bQmM/ #v SaLb +M /Bbi`+i i?2 2H2T?Mib
7m`i?2` iQr`/b i?2 `BH i`+FX 1KBii2/ bQmM/ Bb TB+F2/ mT #v +QmbiB+ b2MbQ`b
?Qmb2/ BM i?2 aLb- Bi rQmH/ #2 +iBpi2/ 2p2`v KBMmi2 iQ /2i2+i 7Q` Mv
bQmM/ 2KBbbBQM 7`QK SaLbX b  T`i Q7 i?2 /BHv `QmiBM2- rM/2`BM; BM i?2
7Q`2bi 7Q` 7QQ/ M/ ri2`- MBKHb +Qp2` H`;2 bTMb Q7 i?2 7Q`2bi UBM+Hm/BM;
2H2T?MibV- M/ ++Q`/BM;Hv +`Qbb i?2 `BH HBM2 +QmTH2 Q7 iBK2b  /vX Ai Bb
Ryk
mM/2bB`#H2 iQ ?BM/2` i?2 KQp2K2Mi Q7 2H2T?Mib +`Qbb i?2 `BH i`+F BM i?2
#b2M+2 Q7 Mv TT`Q+?BM; i`BMX h?2 TB2xQ2H2+i`B+ +`vbiH QM i?2 aLb ?2HTb
BM /2i2`KBMBM; M TT`Q+?BM; i`BM T`i 7`QK miBHBxBM; i?2 BM/m+2/ pB#`iBQMb
7Q` 2M2`;v ?`p2biBM;X h?2`27Q`2- i?2 BM7`bQMB+ bQmM/ 2KBii2` QM i?2 aLb QMHv
2KBib  bQmM/ B7 i?2 +QmbiB+ b2MbQ` `2TQ`ib bQmM/ 2KBbbBQM 7`QK SaLb M/ i?2
TB2xQ2H2+i`B+ +`vbiH /2i2+ib M TT`Q+?BM; i`BMX M BM7`bQMB+ bQmM/ 2KBii2`
Bb miBHBx2/ b 2H2T?Mib +QKKmMB+i2 BM i?2 BM7`bQMB+ bQmM/ `M;2- BX2X- Re>x @
Rk E>xX 1H2T?Mib ;Bp2 /Bbi`2bb +HHb BM i?Bb 7`2[m2M+v `M;2 M/ +QKKmMB+i2
HQM; /BbiM+2b (N)- (Rd)X
eXe _BH h`+F JQMBiQ`BM;
h?2 aLb +QHH2+iBp2Hv KQMBiQ` i?2 `BH i`+F- r?B+? Bb QM2 Q7 i?2 Tm`TQb2b Q7 i?2
+QK#BM2/ TT`Q+? Q7 /2THQvBM; i?2 b2MbQ` M2irQ`FX h?2 /2THQvK2Mi Q7 aLb
iQ +Qp2` i?2 `BH i`+F ?b #22M b?QrM BM 6B;X eX9- b2;K2Mib Q7 `BH i`+Fb `2
mbmHHv r2H/2/ iQ;2i?2` iQ 7Q`K  b2+iBQMX AM AM/BM _BHrv M2irQ`Fb i?2`2
`2 mbmHHv irQ ivT2b Q7 r2H/2/ `BH b2+iBQMb- BX2X- b?Q`i r2H/2/ `BH Uaq_V M/
HQM; r2H/2/ `BH UGq_VX h?2 aq_ ?b  H2M;i? Q7 je K +QKTQb2/ Q7 i?`22 `BH
bm#b2+iBQMb 2+? Q7 Rk K H2M;i?- r?BH2 i?2 Gq_ Bb  KBMBKmK Q7 k8y K HQM;
(R3)X AM i?2 T`QTQb2/ TT`Q+? aq_ #b2/ `BH b2+iBQMb `2 +QMbB/2`2/ b b?QrM
BM 6B;X eX9 +QMbBbiBM; Q7 8 aq_ b2+iBQMbX  b2i Q7 aq_b `2 BMi2M/2/ iQ #2
i2`KBMi2/ i  `2;BQMH #b2 biiBQM U_"aV QM QM2 Q` #Qi? bB/2UbV- /2T2M/BM;
QM r?2`2 i?2 ;Bp2M b2+iBQM Bb TH+2/ BM i?2 Qp2`HH `BH i`+F bvbi2KX
h?2 `BH KQMBiQ`BM; Bb BMi2M/2/ iQ #2 +``B2/ Qmi BM irQ +v+H2b MK2Hv Q//
M/ 2p2MX h?2 aLb `2 MmK#2`2/ 7`QK i?2 2/;2 Q7 i?2 `BH- M/ i?2B` A.b `2
2tT2+i2/ iQ DmbiB7v i?2B` TQbBiBQM QM i?2 i`+F BM `272`2M+2 iQ Qi?2` MQ/2b QM
i?2 bK2 i`+F b r2HH b i?2 MQ/2b QM i?2 Qi?2` i`+F UH27i M/ `B;?i TB` Q7 i?2
`BH i`+FbVX b b?QrM BM 6B;X eX8- i?2`2 `2 bBt aLb TH+2/ 2[mB/BbiMi M/
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6B;m`2 eX8, BV P// UmTT2`V M/ BBV 2p2M UHQr2`V @ KQMBiQ`BM; +v+H2b +QKK2M+BM;
M/ i2`KBMiBM; i _"a
+Qp2`BM; i?2 2MiB`2 H2M;i? Q7 i?2 `BH b2+iBQMX h?2 aLb ?p2 M //`2bb Q7 i?2
7Q`K- 2X;X- 9_ i?i K2Mb i?2 aL Bb i?2 7Qm`i? MQ/2 QM i?2 `B;?i bB/2 `BH BM
i?2  aq_ b2+iBQMX h?2 }`bi MQ/2 ;BMb i?2 //`2bb b i?2 }`bi MQ/2 QM i?2
Qp2`HH b2+iBQM QM+2 TH+2/ QM i?2 i`+F- Qi?2` MQ/2b `2 2tT2+i2/ iQ +[mB`2
i?2B` //`2bb2b #v +QKKmMB+iBM; rBi? i?2 }`bi MQ/2 TH+2/ QM i?2 i`+FX h?2
``M;2K2Mi Q7 aLb QM i?2 irQ `BHb 7Q`Kb  +`Bbb @ +`Qbb Tii2`M i?i Bb
BMi2M/2/ 7Q` HHQrBM; MQ/2b iQ +QKKmMB+i2 rBi? MQ/2b QM i?2 Qi?2` bB/2 `BHX
h?2 aLb TQbb2bb  +QKKmMB+iBQM `M;2 Q7 Rk K- BX2X-  ;Bp2M aL Bb +T#H2
Q7 +QKKmMB+iBM; rBi? Bib irQ ?QT M2B;?#Qm` QM i?2 bK2 `BH- miBHBx2/ BM i?2
Q// M/ 2p2M +v+H2 QT2`iBQM Q7 `BH KQMBiQ`BM;X PMHv aLR M/ aLe MQ/2b
?p2 M mHi`bQMB+ 2KBii2` T`i 7`QK M mHi`bQMB+ `2+2Bp2`- i?Bb Bb BMi2M/2/
iQ `2/m+2 i?2 +Qbi Q7 M aL mMBi b HbQ bii2/ 2`HB2`X
AM Q`/2` iQ /2KQMbi`i2 i?2 QT2`iBQM Q7 i?2 KQMBiQ`BM; bvbi2K- +QMbB/2`
i?i aLR QM i?2 `B;?i `BH QM i?2 H27iKQbi b2+iBQM bi`ib i?2 Q// +v+H2- Bi 2KBib
M mHi`bQMB+ rp2 i?i Bb BMi2M/2/ iQ #2 +FMQrH2/;2/ #v aLjX am#b2[m2MiHv-
aLj +QKKmMB+i2b rBi? aL8 QM bm++2bb7mHHv `2+2BpBM; i?2 mHi`bQMB+ rp2
2KBii2/ #v aLR- aL8 HbQ `2+2Bp2b i?2 rp2 BMBiBi2/ #v aLRX h?Bb Bb
7QHHQr2/ #v +QKKmMB+iBQM Q7 aL8 rBi? aLR QM i?2 Qi?2` `BH b b?QrM
BM 6B;X eX8 UBVX h?2 H27i M/ `B;?i `BH ?p2 #22M `2T`2b2Mi2/ rBi? bvK#QHb
G M/ _ BM 6B;X eX8X h?2 aLR QM i?2 H27i `BH BMBiBi2b +QKKmMB+iBQM BM
`2p2`b2 /B`2+iBQM +QKKmMB+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M/ +QKTH2iBQM iF2 TH+2 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+FX h?2 MQ/2b bvM+?`QMBx2- BX2X- +Q``2+i +HQ+F
/`B7ib 2p2`v 72r ?Qm`bX *HQ+F /`B7i #2ir22M i?2 MQ/2b +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TT`Q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iBQMb- 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pB/ qX J+/QMH/- M/`2r
J`F?K- *2+BHB J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` b2MbQ` M2irQ`FbX AM S`Q+22/BM;b Q7 i?2 RRi? AMi2`MiBQMH *QM72`@
2M+2 QM AM7Q`KiBQM S`Q+2bbBM; BM a2MbQ` L2irQ`Fb- kyRkX
(N) *XJX .BbbMvF2- _X EQi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M G2`?Qp2MX a2MbQ` M2irQ`Fb 7Q` `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bi`m+im`2
KQMBiQ`BM;X AM 1H2+i`B+H avbi2Kb 7Q` B`+`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b bQK2 QT2`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